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Reorganization of Practical Training 

in Physics-i 

B. Sharan 

Indian Institute of Technology, New Delhi 


I N the present age of technological 
advancement and keen competition 
scientific education is a must for our 
very existence. In any system of 
science education piactical training 
assumes gicat importance. One hopes 
to find in the ‘scientific citizens’ of the 
future, dependable, careful and con¬ 
scientious workeis who are not perplex¬ 
ed by any new experimental situation, 
who have developed enough confidence 
to meet any challenge and offer a solu¬ 
tion. Therefoie, these ‘scientific citi¬ 
zens’ should eleaily understand the 
principles of important experimental 
methods, the design of basic apparatus, 
the planning of experimental pioccdures 
and the significance of the final results. 
In short, the aim is to train not labora¬ 
tory technicians but future research 
scientists. 

For the subject to be interesting we 
must excite the curiosity of students. 
Their curiosity is aroused by pioper 
questions which are challenging, which 
shatter their belief that they know 
everything, e.g., 'How did people in 
the olden days subdivide charges for 
testing Coulomb’s Law of Electro¬ 
statics?’ This question shows up the 
difficulty which oarliei scientists must 
have faced to test the Coulomb’s law. 

One should be clear about the aims 
and objects of an experiment. If one 


asks tho question why a particular set of 
experiments has been ehosen, invari¬ 
ably the answer would be that they 
satisfy the needs of the syllabus, and 
cover the majoi topics, viz., optics, 
sound, heat, etc This random selection 
of experiments becomes monotonous. 
Are these expcnments performed only 
because they have to he clone? 

Another chawback in the system pre¬ 
valent in most of the Institutions is that 
an experimenter goes to the laboratory 
with an instruction sheet of Do’s mid 
Donl's and perforins the experiments 
mechanically, Most of the books on 
practical physics give the following 
typo of instructions: 

1. In a Young’s modulus experi¬ 
ment, take the readings when 
the load is increasing anti also 
when it is decreasing. 

2. Take the mean of the observa¬ 
tions in the above experiment 
in a particular way, 

3. In a specific heat experiment 
choose a calorimeter of tho 
given size. 

4. Plot the graph in a given way, 
c.g„ voltage-current character¬ 
istics of a discharge tube. 

b. Take: a capillary tube about 
8 cm, long for the surface ten¬ 
sion experiment. 

0, In the determination of ihc 
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relative density of sand fill 
one-third of the R.D. bottle 
with sand, etc, 

In all these instructions, how we ar¬ 
rive at these absolute standards or why 
it should be done that way, remain un¬ 
answered, This type of training fails 
to impress the logical development of 
the subject, completely hills one’s inte¬ 
rest and dampens curiosity. 

Practical training should, therefore, 
aim at waking the power of thinking and 
bringing up the creative faculty in man. 
A definite line of thought should run 
through all tho experiments, They 
should not be merely a random selec¬ 
tion fiom books on practical physics, 
chosen to meet the demands of a sylla¬ 
bus. Each scientific experiment should 
have a definite object. They arc to he 
airanged in a series to reveal as clearly 
as possible some regularity in the be¬ 
haviour of objects-a so-called natural 
law. Experiments are performed to test 
the validity of an intuitive explanation 
(prediction, hypothesis, theory or law) 
for an observation (a natural pheno¬ 
menon) which it may confirm, reject 01 
modify. 

The experiment may be classified as 
exploratory, crucial, decisive, informa¬ 
tive and academic, according to its 
nature. The systematic study of the 
natural phenomena like expansion of 
bodies on heating or stretching, and 
production of heat by friction has cul¬ 
minated in the discovery of the coeffi¬ 
cient of thennal expansion, Young’s 
modulus and Joule’s law respectively, 
Becquerel’s experiments on uranium 


compounds which insulted in the dis- 
cmery of ladioaetiuty weir exploratory' 
in natine. The emeial Michelson Mor- 
ley experiment has eonliimed the con¬ 
stancy of the velocity of light (one of 
the postulates ol Einstein's theory of 
relativity), refuted the ether-drag theory 
and modified New ton's concept of rela¬ 
tive velocity. The decisive experiment 
of Wilson established the e.xtia-tenv.stri- 
al natme of the cosmic rays. Ruther¬ 
ford’s' lamb shift expenment (informa¬ 
tive) has shown the limited validity of 
Dime’s theory of atomic struc ture. '11 le 
determination of the fundamental con¬ 
stants like the velocity of light, electro¬ 
nic’ chuigc, and Planck’s constant, be¬ 
long to tho academic type 

An experiment is a logical inquiry 
about any observation. It begins with 
a question such as why the leaves aic 
green, the sky blue, or tho walls white, 
As a result of enormous work in the 
past, systematic techniques for investi¬ 
gations have been developed and one 
must adopt them for quick gains, 

Every experiment involves the mea¬ 
surement of certain number of obser¬ 
vables (quantities). Some of these are 
more important and need finer measure¬ 
ments than others, The students must 
know it, and plan their experiments for 
optimum results, Tho unattaimihility 
of ideals (the absolute numerical values) 
and absence of necessary theoretical 
background is often discouraging, but it 
should not prevent us from doing work. 

A good experimentalist is curious and 
active. He is keen on observation, 
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prompt m seeking an explanation, good 
in planning and experimental veiification 
(may be qualitative or quantitative), 
critical in evaluation of his results, con¬ 
scious of the shortcomings and inconsis¬ 
tencies. A keen observer will describe 
the phenomenon of double refi action 
in calcite in this way ‘on redaction 
thiough the cleavage plane of a rhom- 
bohedral crystal of calcite, the incident 
ray breaks up into an ordinary and an 
extraordinary ray; as the crystal is rotat¬ 
ed about its normal axis the formei 
maintains its position while the latter 
rotates such that the line joining the 
points of emergence of the extraordinary 
and the ordinal y ray is always along the 
shorter diagonal of the crystal.’ An 
ordinary observei will miss these por¬ 
tions. In other words keenness results 
in a complete and accurate desciiption 
of a phenomenon with its distinguishing 
features. 

The planning of practical should aim 
at sustained curiosity and intellectual 
contentment. The planning of experi¬ 
ments must aim at developing initia¬ 
tive, interest and self confidence, ex¬ 
actitude, power of thinking, power of 
analysis, creative faculty, and sustained 
curiosity. 

To sustain curiosity we begin with 
the following group of practical tech¬ 
niques: 


An independent study of the above 
mentioned topics may appeal taxing 
and time-consunnng to a student. 
These topics are theicfore, usually left 
out. So long as the pointer of a meter 
is showing deflection, it does not worry 
a student. It becomes a wony when 
the persons take up responsible posi¬ 
tions and aie faced with the lueak-down 
of meters, measuring equipments and 
other similar realities of life. Thus, to 
ineiease the utility of piacticals it is 
suggested that there should be: 


1 . 

2 . 


lectures on piacticals, 

by 

exercises on practicals. 


followed 


Wfch O 


The purpose of the first is to cmpha A - 
size the continuity of thought and main¬ 
tain curiosity, and that of the second 
is to hammer out principles by giving 
onough practice. It might be argued 
that practicals may be discussed at ap¬ 
propriate places during the theory 
periods. Here, it must ho appreciated 
that theory has a different chain of 
thoughts, at times we may be discuss¬ 
ing things on axiomatic foundations 
without bringing in any practicals; any 
discussion on practical aspects at such 
a stage will be like turning a sharp cor- 
nci at a gieat speed producing knots in 
understanding. 


(i) principles of measmement, 

(ii) measuring instruments, 

(iii) statistical methods, 

(iv) choosing the optimum condi¬ 
tions, 

(v ) graphical methods, etc. 


The time for lectures and exercises 
on practicals can be provided by re¬ 
ducing some of the hours allocated to 
the practicals. A cut of 10 per cent has 
been suggested by some (Arregor 1964), 
Au argument may he advanced against 
curtailing the number of practical 
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hours as it will reduce the number 
of experiments performed in a term. 
But these two points may be put for¬ 
ward in favour of curtailment. Firstly, 
it is better to do a little with good 
understanding than to do a lot without 
it. Secondly, there are many experi¬ 
ments which involve the same principle 
e.g. focal length of a lens by various 
methods (repetitive typo) and many, 
which require less time for completion 
than given foi them. Instead of keep 
mg several experiment of the same 
type, it is better to have only one 01 
two of the best kind. This will reduce 
the total number of experiments, and 


will s;i\e tunc inr Inclines on practical 
and < \n vises 

The idea nf Inclines nil piuetieuls and 
r\etrises is gaming momentum in Bri¬ 
tain and I’ioI. Hiaddiek (196.1) has 
tried it with considerable success. 

HEI-T.ItKNCKS 
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Agriculture and the Artificial 
Transmutation of the Gene 

M. S. Swaminathun 
Indian Agricultural Research Institute, New Delhi 


G REGOR Mendel, whose laws of 
heredity propounded in 1865 gave 
birth to the science of genetics during 
the present centuiy, could carry out his 

■* 


i 



Fig. 1. Induction of awning in the wheat 
variety N.P. 799 which is awnless: le£l, 
ear head of N.P. 799; right, ear head of 
N.P. 836, an awned mutant of N.P. 799, 

studies in gaiden peas only because oi 
the existence of the same gene in altei- 
native forms of expression (known as 


alleles). The Dutch scientist, Hugo do 
Vries, showed that new alleles of a gene 
arise by mutations or permanent here- 
ditaiy changes, and that mutations com¬ 
bined with the pioccss of recombination 
nf genes could lead to an unlimited 
degiee of elaboration of liei editary 
characteristics. As a broad generaliza¬ 
tion, evolution can be pictured as a 
process of ‘muddling through’ of 
microbes into men as a insult of recom¬ 
bination and selection operating upon 
blind (unpiedictable) mutations. Simple 
oiganisms such as bacteria and viruses, 
with a new generation every 10 or 20 
minutes and with enormous popula¬ 
tions consisting of billions of individuals 
could well adjust to the vagaries of the 
environment by mutation alone, Due 
to the low frequency of spontaneous 
mutation, evolutionary progress in 
more complex organisms would result 
in a blind alley if it were enb’rely 
dependent on the occurrence by 
chance of mutations of the right type. 
The higher oiganisms have hence relied 
heavily on the exchange of genetic in¬ 
formation with each other, a process 
popularly known as sex! No wonder 
then that Hugo de Vries wished very 
much that man could find a way of arti¬ 
ficially altering the gene, thereby gain¬ 
ing control over the most powerful of 
the evolutionary mechanisms. 


Reprinted from The Times Science Review July 5, 1965 with the kind permission of the Editor 
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The dream of Hugo de Vries was re¬ 
alized in 1927 when II, J. Muller in the 
United States showed that the sluggish 
natural mutation rate can be artificially 
accelerated by exposing living organisms 
to X-rays. In 1940, C. Auerbach and J. 
M. Robson of Edinburgh discovered that 
chemicals like mustard gas can also be 
used as mutagenic agents (tills informa¬ 
tion was classified as secret during the 
second World War and published only 
at the end of the war). These dis¬ 
coveries raised new hopes in the hearts 
of tire practical breeders who had un¬ 
til then been compelled to remain con¬ 
tent with the mere making of recombina¬ 
tions of the matenal already at hand, 



Fig 2, Induced flower variation in cotton 
(Gossypium hirsutam); left, normal 
condition where anther column surrounds 
the style; right, mutant where the 
anther column is separate from the style 
and stigma. 


providentially .supplemented, on rare 
and isolated occasions by an unexpected 
mutational windfall, A few examples 
of the role, of spontaneous imitations in 
transforming a wild into a cultivated 
plant would be appropriate to give, an 
idea of tlieii impact on agriculture, 

The possession of efficient mechan¬ 
isms for self-piopagulion and self-pro¬ 
lection is an essential requisite for the 
survival of a species in liatme. Most 
of the wild ninth os of cultivated 
cereals like wheat and rice have, hence 
very tough glumes covering the gnuns 
and also very brittle attachment of the 
individual flowers* to the inflorescence. 
As a result, it is difficult to thresh the 
seeds and collect them togoher. A 
imitation conferring easy threshing and 
a tough rachis was hence picked rip 
when it occurred, by the early agricul¬ 
turists, Similarly, in cotton the. wild 
relatives do not possess tins lint hairs 
essential for making cloth ami a muta¬ 
tion which led to the origin of lint hairs, 
had obviously been isolated and pre¬ 
served. In tobacco, all the wild rela¬ 
tives of the cultivated species have, an 
enzyme which converts nicotine into 
nomicotine. If such a conversion takes 
place, there will bo no nicotine in the 
mature leaves. A mutation which sup¬ 
presses the action of this convertor 
enzyme has therefore been picked up 
by man and stabilized in our present- 
day varieties, The sweet lupin com¬ 
pletely devoid of poisonous alkaloids 
developed in Germany 30 years ago re¬ 
presents a recent example of a spontane¬ 
ous mutation capable of changing the 
agricultural history of the plant, In 
vegetatively propagated plants like 
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fruit tiees, ornamental shrubs, potatoes 
and pineapples, the isolation of spon¬ 
taneously occurring mutations has been 
a very important method of bleeding. 

Viewed in the above context, the 
enthusiasm of breeders for the aitificial 
induction of mutations is understand¬ 
able. Nearly 40 years of woik in 
this field, however, has not fulfilled the 
early hopes, and the practical exploita¬ 
tion of the new variability cicated by 
treatments with mutagens—physical 01 
chemical—has suffeied from two major 
handicaps. First, most of the induced 
mutants being lethal or sub-lethal are 
useless from a practical standpoint. 
Secondly, nearly all of them are the 
same as are found in natuie. Painstak¬ 
ing research in Sweden, Germany, the 
United States, Britain, India and other 
countries has, however, revealed that 
■ mutation breeding, when employed as a 
tool for solving a well defined problem, 
may prove to be very effective. Also, 
coincident with the growth of basic 
knowledge on the enhancement of muta¬ 
tion rate and the widening of the muta¬ 
tion spectrum; the effectiveness and 
utility of the mutation breeding techni¬ 
que have increased. This is already 
clear fiom the striking successes achiev¬ 
ed in increasing many times the yield 
of the antibiotic principle in the orga¬ 
nisms giving rise to penicillin, strepto¬ 
mycin, etc. In these organisms, the 
generation time is short, the screening 
piocedures are very efficient and cnoi- 
mous populations can be conveniently 
handled. As a result, even a rare bene¬ 
ficial mutation can be picked up easily. 
The multicellular structure of higher 
organisms introduced many complica¬ 


tion m the recovery ol the mutations 
induced by diffcient treatments, hut 
recent woik has shown that given a 
good understanding of the moiphologi- 
eal, developmental and genetic architec¬ 
ture of a plant, much piogress can be 
made in the practical exploitation ol 
this technique. I shall cite in this aiti¬ 
de a few examples from the work of 
my colleagues and myself at the Indian 
Agricultural Reseaich Institute on 
biead, wheat, and cotton to illustiatc 
this. For convenience, I shall group 
them in four catcgoiies. 

SPECIFIC DESIRABLE CHANGER 

The wheat plant in the wild state has 
well developed bristles or awns on the 
flowers, as a protection mechanism. 
The European fanner has, however, 
selected naturally oeeuiing mutations 
suppicssing awn development, to facili¬ 
tate easy threshing. In India, on (he 
other hand, farmers prefer uwned. 
wheals as they are less pione to be dam¬ 
aged by birds. Many of the wheat varie¬ 
ties bred in India in recent years have 
the gene for awnlessness fiom European 
or Noith American varieties* which have 
been used in crosses as donors of 
genes for rust resistance. By subject¬ 
ing these improved awnless varieties to 
treatments with X-iays and gamma rays, 
mutants with well developed awns 
could ho easily developed. The great 
merit of this procedures is that one de¬ 
sirables change can be brought about 
without in any way upsetting the adap¬ 
tive and productive chawterislies ol 
the parent \ aricty. Studies in N.I’, 
836, an awned mutant of tin* earlier 
variety N.P, 799, have shown that the 
introduction of awns in an awnless 
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variety helps to increase yield by about 
10 per cent particularly in dry areas 
(Figuie 1). Awns contain chlorophyll 
and they hence add to the photosynthe- 
tic surface. Consequently, the grain 
weight tends to be higher in the mutant, 
as compared to the parent strain and 
this difference has a striking effect on 
yields in dry areas, where the number 
of effective tillers per plant is only one 
or two. 



Fig, 3. Ears of some induced mutants in 
Triticium aestivum resembling other 
species-left to right Aestivum-type (con¬ 
trol) ; Compactoid-type; Sphaerococcum- 
type; Turgldum-type; Speltoid-type; 

Vavilovoid-type, 

A mutation for grain colour produced 
this yeai by a combination of ultra-violet 
and gamma ray treatments in the dwarf 
wheat varieties, Sonoia 63 and Sonora 
64, developed in Mexico is another ex¬ 
ample of an induced specific desirable 
change. These dwarf varieties have 
the genes for short height, first isolated 
in the Norin wheats of Japan about 10 
years ago. The transfer of the dwarf¬ 
ing genes (three distinct ones have been 
so far identified) to comma dal wheat 
vaiieties has ushered in a new era in 
wheat yields. The variety Gaines bred 
in North America by incorporating the 
Norin dwarfing gene holds the world 
lecord for wheat production, having 
yielded nearly 10,000 lb. per acre in a 
23 acre plot. The wheat varieties deve¬ 


loped in Mexico under a cooperative 
programme of the Rockefeller Founda¬ 
tion and the Mexican Ministry of Agri- 
cultme have helped to tieble, the ave¬ 
rage yield of wheat in that country 
within a decade. Mexican dwarf 
wheats like Sonora 63 and Sonora 84 
were hence introduced into India in 
1963. During the past two seasons in 
fields fertilized with over 100 lb. of 
nitrogen these wheats have given yields 
of the order of 5,000 to 6,000 lb. per acre. 
With tile previous varieties yields higher 
than 4,000 lb. per acre were seldom 
possible owing to the occurrence of 
severe lodging under conditions of high 
soil fertility and frequent irrigation. 
Though the morphological frame of the 
Mexican dwarf wheats proved ideal for 
intensive agriculture, they had red 
grains and hence gave dark chapatis 
(unleavened bread, which is the form 
in which wheat is mostly consumed in 
India). The farmer and the consumer 
prefer amber coloured wheat grains and 
hence these dwarf wheats wore subjec¬ 
ted to treatments with radiations and 
chemical mutagens. In the progenies 
of plants treated with ultra-violet and 
gamma rays, mutants with amber grains, 
which had all the other characteristics 
of the parent strains, were isolated 
and tlieso can be appropriately re¬ 
garded as the most precious atomic 
babies of 1965, so far as India is con¬ 
cerned. 

Making Cotton HesistaiU to Jas&ich 

One of tho major needs of India is more 
extensive cultivation of cotton varieties 
with a long staple length. Many long 
staple varieties introduced from other 
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countnes become severely infested with 
insects, particularly jassids. 



Fig. 4 Branched wheats developed by 
irradiation The extreme left is the ear of 
the parent variety and the others show 
varying extents of branching produced 
artificially, 

Since dense haimess confeis protection 
against jassids, Mescilla Acala, a variety 
highly susceptible to jassid attack, was 
irradiated with X-rays and in the pro¬ 
genies of the treated plants, mutants 
with a high degree of resistance to 
jassids were picked up. These mutants 
have all the other properties of the 
parent variety and have hence made the 
cultivation of this strain possible, 
Figure 2 shows a cotton mutant. 

Quantitative Characteristics 

Characteristics like yield, and 
maturity period, are governed by many 
genes and are referred to as quantita¬ 
tive or polygenic characters. The work 
done at New Delhi with many wheal 
varieties has shown that it would now 
be possible to plan experiments on the 
creation of new polygenic variability 
with a greater degree of anticipation of 
the end results. In general, our find¬ 
ings agree with those of some Australian 
workers in showing that in their direc¬ 


tion, polygenic mutations follow a path 
opposite to that of the previous selec¬ 
tion history fm the) character concerned. 
Thus, in late varieties early mutants 
occur more readily and vice ucisa. In 
vaiieties with a few tilleis higher tiller- 
ing types occur, while in varieties 
characterized by piofuse lilleiing, most¬ 
ly mutants with a reduced tiller number 
occur. If theicforc a very early variety 
is desired for a particular region, it 
would he advisable to subject very late 
varieties to tieatment with mutagens, 
rather than start with mid-early or early 
ones. Utilizing this principle, the tiller¬ 
ing capacity of N.P. 876, a variety with 
short plan stature and good grain qua¬ 
lity but poor tillering ability lias been 
improved from an average number of 
six tillers lira plant in the parent to over 
eight in the mutant. 

Transmutation of Species 

All the allied species of bread wheat, 
Triticiun aestivum, have yeeu synthe¬ 
sized from a single variety in New 
Delhi. The sub-species created artifi¬ 
cially include what are known botani- 
oally as compaction, sphaerococcum, 
spelta, macha and vavilovi (Figure 3). 
A similar transmutation of species has 
also been accomplished in the emmer 
wheat series, to which the macaroni 
wheat, T, durum, belongs. 

The origin of new species or sub¬ 
species through single gene mutations 
suggests that although the evolutionary 
scale is usually traversed only by minute 
steps, occasionally jumps of larger 
quanta can take, place. While most of 
these mutants arc largely of theoretical 
interest, a mutant in the bread variety 
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N.P. 797 obtained in treatments with 
radioactive sulphur (Sas) having the 
ability of adventitious branching re¬ 
corded m nature only in the ‘Egyptian 
Miracle Wheat’ (T. turgidum vai. mira- 
bile) is of gieat practical interest. 
When it was fhst isolated tliis mutant 
had much sterility and also a weak ex¬ 
pression of the branching character. 
By selection during the past five years, 
plants with well branched ears and good 
fertility have been developed (Figure 
4). These plants produce nearly twice 
as many grains per acre as the parent 
variety, Fortunately they have also an 
associated dwarfing habit and may en¬ 
able us to raise Sorghum-like wheat 
varieties. 

Changes Not Found in Nature 
Examples of the artificial creation of 
genes not found in a world collection 
of varieties exist in plants like barley 
and snapdragon, but they are very few 
This is to be expected since all genes 
mutate spontaneously also and any 
mutation which has selection, value 
would have tended to get preserved, 
However, when the techniques of alter¬ 
ing the gene become more refined, al¬ 
together new patterns of morphology and 
physiology could be aimed at. For ex¬ 
ample, in cotton varieties heated with 
X-rays, a type of rearrangement of 
flower structure never found in nature 
occurs. In the mutant flower, the au¬ 


thor column is separated fiom tin* style 
and stigma. If such a radical reorga¬ 
nization of the flower can be achieved, 
commercial production of Hybrid cotton 
seed would beeome feasible, since moss¬ 
es can be made easily by cutting off the. 
anther column. So f;n, it has not been 
possible to stabilize this change; how¬ 
ever, the experiments could never have 
been visualized and initiated but for the 
indication provided by the, radiation 
treatment. 

The above few examples from work 
on plants at one place would be suffi¬ 
cient to indicate whal a potent tool the 
geneticist and plant breeder have today 
for reconstructing and accelerating evo¬ 
lutionary progress It is as yet not 
quite possible to induct* a specific muta¬ 
tion at will, but the possibility of getting 
some types of mutations are, better with 
some mutagens than with the others. 
For example, a particular type of spline - 
rococcoid mutant in wheat (resembling 
the naturally occurring species T, 
sphaewcoccum) always occurs in varie¬ 
ties treated with the chemical mutagen, 
cthyl-melhaue-sulphonato, although it is 
extremely rare in radiation treatments. 
The use of chemical mutagens in combi¬ 
nation with radiations is opening up 
new vistas in mutation brooding and it 
can be confidently hoped that before 
long such research will help to strike' 
fresh paths in agriculture. 



Social Insects - III White Ants 

P. Kachroo 

Indian Council of Agricultural Research , New Delhi 


nnERMITES or ‘white ants’ live to- 
gethcr in communities They aie 
of exceptional inteiest due to their com¬ 
plex organization and their social life, 
which parallel in a number of ways 
that of ants. They occur in the tropics 
as well as m most warm temperate 
lands. Normally, termites are pale- 
colouied and soft-bodied, with a deli¬ 
cate thin integument. Unlike true ants, 
they do not possess any constriction or 
‘waist’ (the region wlieie the abdomen 
unites with the thorax). The vast ma- 
joiity of the membeis of a colony aie 
totally wingless. Unlike other social in¬ 
sects, there is no laival and pupal 
stage, thus, their metamorphosis is of a 
veiy slight diameter. 



Termites are of great economic im¬ 
portance since nearly all of them feed 
on cellulose, which they obtain by in¬ 
juring or destroying trees, shrubs, field 
crops and the woodwork of buildings, 
This destructive action causes immense 
loss to man, especially in the tropics. 

Termitaria 

Termites live in the soil in very large 


numbers, moie so in the tropics. Their 
nests arc called termitaria These are 
of many kinds. Some of them do not 
construct true nests. They feed upon 
wood, making a senes of hollow gal- 
iciies in logs, decaying trees, or in fine 
timber. Some kinds burrow in the 
ground, constructing interconnected 
tunnels. Scnno of these appear as 
mounds above the surface. In Australia 
and Africa, they build huge nests of 
great durability by cementing together 
earthen particles by means of saliva or 
with faecal matter. On drying, this 
material becomes as hard as cement, 
and provides great protection against 
mosl vertebrate animals. The most 
remarkable, tennitaiia are the lofty 
stecple-liko structures constructed by 
the types abounding in northern Aus¬ 
tralia, Those are as high as seven 
metres and about four metres in dia¬ 
meter at the base. Inside, there are 
numerous irregular chambers and pass¬ 
ages, and in the deeper recesses the 
brood is reared, and the royal cell is 
also located here. Another Australian 
typo has its nests about font metres tall: 
termitaria being flattened from side to 
side in a manner that results in the 
broad faces being directed east and west 
with the. narrow ends north and south. 
In some, parts of the world huge tenm- 
taria arc congregated into ‘villages' and 
present an interesting though depressing 
sight. Some termites construct carton- 
nests of masticated wood, oval or 
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rounded in shape, and about the size of 
a football or larger, up on trees, Some 
termites constiuct earth-like passages up¬ 
on the surfaces of buildings or trees, to 
avoid exposure while m search of food, 
In the tropics these channels cover con¬ 
siderable distances to and from their 
nests and provide fairly constant condi¬ 
tions of humidity. 

Life History 

Termites comprise both male and fe¬ 
male individuals. There arc five prin¬ 
cipal castes, three reproductive and two 
sterile. The reproductive castes arc, 
(i) normal-winged males and females 
or the true kings and queens, (ii) neo¬ 
teric kings and queens and, (iii) wing¬ 
less kings and queens. The sterile 
castes are wingless. They are workers 
and soldiers. 



During the rainy season, the normal 
winged royal forms leave the nest in 
large numbers. After a brief flight, 
they alight on the ground and shed their 
wings. Many of them are eaten by 
birds, lizards, etc. The few that sur¬ 
vive found new colonies. To begin 
with each colony has a royal pair, 
They soon dig a small cavity in the 
ground. Here the queen lays eggs and 


the royal pair feed and lend their off¬ 
spring, until enough winkers have been 
reared. The workers start further dig¬ 
ging activities. More workers are, rear¬ 
ed by now and after some time tho new 
colony hums with life, 'file queens lay 
at least a million eggs each year and 
they live for a number of years. In tho 
new generation there arc also wingless 
royal forms and on the death or des¬ 
truction of tho original queen they deve 
lop into tho new functional royal fe¬ 
males. The workers perform almost all 
the community functions. They tend 
tho eggs and the young forms of tho 
royalties. They forage, for food, often 
at a distance, from the nest, and remain 
busy m constiuction, repair and upkeep 
of the colony. They also excavate the 
galleries and tunnels, The gnawing 
propensity is very great and destructive. 
They arc man’s worst enemies. 

Upon tho soldiers, falls the. responsi¬ 
bility of defending the colony. They 
use their strong jaws in forcing out the 
insect enemies. Some of them with 
laige jaws remain assembled and stand 
guard at the surface of the nest to pre¬ 
vent injury or break in its walls. They 
are very effective defenders due to the 
presence of a greatly developed frontal 
gland, which discharges a pungent 
secretion on oven slight attack of ants 
and other insect enemies. 

Feeding 

Termites have strange loading habits. 
Dead parts of plants form the main diet, 
but they also feed upon, rather indiscri¬ 
minately, faecal matter ejected by their 
fellows, and even their dead members. 
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The young and the royal forms are fed 
upon best feed and saliva of workers. 
They also lick glandular products exud¬ 
ed from the skin of other members of 
the colony, The queen produces the 
maximum quantity of exudation and the 
worker's aro seen licking her in large 
numbers. It is interesting that unless 
the eggs are licked and tended by the 


workers they fail to hatch. 

Some types of termites are quite ad- 
ventunst, and conduct foraging expedi¬ 
tions. The food thus collected is stoied 
within the nest for future use, Some, 
termites cultivate fungus-beds in special 
chambers of the nest. These provide 
vegetable matter and serve as nurseries 
for the brood. 
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Chemical Fertilizers 

Christopher J. Pratt 


I T is clear that the present rate of in¬ 
crease in the human population is 
alarmingly high. 

Three centuries ago the number of 
people in the world was probably about 
500 million; now it is more than three 
billion. If the current rate of increase 
holds, it will be six billion by the end 
of the centuiy and milenmum. 

In some underdeveloped areas, wheie 
the rate is highest, the Malthusian pre¬ 
diction that population would eventual¬ 
ly outrun food supplies seems close to 
reality. 

Clearly, mankind faces a formidable 
problem in making certain that future 
populations have enough to eat. 
Doubtless a partial solution lies in un¬ 
proved technology, -which has already 
done so much to keep the food supply 
abreast of population, and in the spread 
of existing technology from the deve¬ 
loped to the underdeveloped countries. 

It should also be possible to bring 
some new areas under cultivation or 
grazing, hut the opportunities in that 
diiection appear to he limited. Even 
though only about seven per cent of the 
earths land area is used for crop pro¬ 
duction in any one year, most of the un¬ 
used land is too dry, or too cold, or 
otherwise unsuitable for agriculture. 

Neither extensive clearing of forests 


nor large-scale cultivation of tropical 
lands offers as much promise. Much of 
the soil in such regions is latentic and 
turns hard as the result of oxidizing 
when it is put to the plough. i 

With huge amounts of capital and 
carefully planned projects it would be 
possible to create much new cropland 
by vast undertakings of irrigation, drain- , 
age, and other kinds of reclamation. 
But even if such projects were launched, , 
however, they would take decades to ! 
complete. It seems more feasible to 
look to shorter-rangu ventures, parti- ’ 
culnrly in those developing areas where 
famine is an imminent threat, 

Of all the short-range factors capable 
of increasing agricultural production 
readily — factors including pesticides, 
improved plant varieties, and mechani¬ 
zation — the largest yields and most 
substantial returns on invested capital 
come from Chemical Fertilizers. 

The application of these substances 
to under-fertilized soils can have drama¬ 
tic results. In u typical situation the 
ratio of Lho extra weight of grain to 
weight of nutrients applied can bo as 
high as 10 to 1. To put it another way. 
an investment of this kind alone can 
quickly produce increases in crop yields 

of 100 to 200 per cent.But 

the Requirements are Vast. 


Reprinted from scientific American June 1965 with the kind permission of the Editor. 
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Today more than thirty million tons 
of the so-called primary nutrients—nitro¬ 
gen, phosphorus, and potassium—arc 
annually supplied to woild agriculture 
by chemical fertilizers. This amount is 
haidly adequate, for reasons I shall dis¬ 
cuss. Moreover crop yields diminish m 
proportion to the amount of fertilizer 
applied. Therefore, it can be estimat¬ 
ed that a population of six billion in the 
year 2000 will require at least 120 mil¬ 
lion tons of primary nutiients (four 
times our present supply). 

Fertilizer Requirements for India (in 
tonnes) for Food Grains and Oil Seeds 

Pi event 1975 Necessscu y 
Use Requirements* lnciea.se 

Nitrogen 284,000 5,251,000 13-fold 

Phosphate 80,000 3,581,000 44 „ 

Potash 17,000 1,564,000 92 „ 

An increase of ninety million tons of 
nutrients for three billion more people 
means that sixty pounds of primary 
nutiients will be needed to help sustain 
each additional person for a year. This 
is equivalent to about one 100-pound 
bag of modern high-analysis chemical 
fertilizer. 

Stated in such a way, the amount of 
effort requiied to supply the additional 
fertilizer may seem modest. Actually 
the expansion of capacity required is 
enormous; achieving it may well be¬ 
come a major preoccupation of techno¬ 
logy. Fortunately, processes for manu¬ 
facturing the needed substances are al¬ 


ready well established on a large scale 
and are capable of lapid expansion, 
piovided that enough capital is made 
available and the necessary priorities 
ait* given. 

Considering all these factors, it is ap¬ 
propriate to leview briefly the fertilize! 
situation; bow plants utilize nutrients, 
liovv chemical fertilizers arc manufac¬ 
tured, how they are best applied, and 
bow the increasing demand for them 
can be met by chemical technology. 

A {ajar and Minor Plant Foods 

A growing planl requires most or all 
oi sixteen nutiients, nine in largo 
amounts and seven in small. The for¬ 
mer arc sometimes called macronutri¬ 
ents, the latter inicronutrients. Most 
plants obtain three of the macionutri- 
ents—carbon, hydrogen, and oxygen— 
from the air and all the other nutrients 
from the soil. ' (A few species, such us 
clover, arc able to fill their nitrogen 
needs from the air.) 

The primary soil macronutrients— 
nitrogen, phosphorus, and potassium- 
are the N, P, and K often seen on hags 
of fertilizer, they are also the .substan¬ 
ces represented by the set of three 
figures, such as 10-12-8, that normally 
designates the nutrient content of a 
fertilizer. Usually these figures res¬ 
pectively denote the percentage, in the 
fertilizer of: (i) total nitrogen (N) (if) 
of phosphorus ponloxido (P„0*i often 
called phosphoric acid or phosphate.) 


•Assuming: 1 a population of 609,000,000; 2. an increase in per capita calorie 
intake from 2,050 to 2,500; 3. a modest improvement in the protein component 
of average diets. 
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in a form available for use by plants; 
and (iii) of water-soluble potassium 
oxide (K 2 0, usually called potash) 

The three other soil macronutrients— 
calcium, magnesium, and sulphur—are 
often called secondary, Agricultural 
lime, limestone, and dolomite, which 
are used to conect soil acidity, also 
seive as sources of calcium and magne¬ 
sium. Sulphur deficiencies can be 
remedied by certain commercial feiti- 
lizers. The seven micronulrients, 
which are sometimes added in traces to 
fertilizers providing one or more of the 
primary nutrients, are boion, copper, 
iron, manganese, zinc, molybdenum, 
and chlorine. 

Digesting Plant Food 

The growth of plants is a highly com¬ 
plicated process that is far from fully 
understood. Fdi the puiposes of this 
article it is enough to say that the usual 
path of mineral nutrients is from the 
soil into the root. 

Tire actual transfer of nutrients from 
soil to loot involves the movement of 
mineral ions. These ions are contained 
mostly in the soil water, hut some of 
them aie adsorbed on solid soil 
particles 

It follows that nutrients must be in 
ionic form or capable of transformation 
to ionic form by soil processes if they 
are to be of any value to the plant. 
Hence it is not necessarily a lack of 
minerals in a soil that causes plants to 
show signs of nutrient deficiency; the 
problem can also be that the nutrients 
are not in a form readily available to 
the plant. 


l'tn example, it is quite possible for 
crops to slai\e m soils that are amply 
supplied with pliosplioms and potassium 
il these nutrients uie insoluble, in water 
or plant juices. Essentially what the 
chemical fertilize! industry does, in addi¬ 
tion to converting inert intiogen from 
lilt! air into soluble, sails, is" to employ 
processes to open (la* molecules con¬ 
taining the vital nutiients so that these 
molecules form soluble salts that plants 
can assimilate readily. 

Soils' Voracious Appetites 

One can best grasp the need for mi¬ 
neral nutiients in agiicultiue by taking 
account of the lmliients that are remov¬ 
ed fiom the soil by mopping and graz¬ 
ing. A ton of wheal giain is equivalent 
to about forty pounds of nitrogen, eight 
pounds of phosphorus, and nine pounds 
of potassium. J! ihe .straw, busks, roots, 
ami othei agricultural wastes of such a 
ciop are not returned to the soil, they 
lepresont additional large losses of 
mitncnls. 

A ton of fat cattle onucspoiids to n 
depletion of about fifty dour pounds of 
nitrogen, fifteen pounds of phosphorus, 
three pounds of potassium, and twenty- 
six pounds of calcium. Such lutes of 
removal will quickly exhaust a typical 
soil unless tiro losses are, made up bv 
regular additions ni suitable fertilizer. 

Equivalent additions of fcitilizer, how¬ 
ever, are not really enough. Them rue 
other factors to be taken into account, 
and they explain why the present con¬ 
sumption of fertilizers is barely adequate. 
Nutiients are leached from soils by the 
flow of water; moreover, they are fixed 
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in forms not leadily available to plants 
As a result of such losses, the pioportion 
of soil mtiogen and phosphorus utilized 
by a ciop is laiely more than seventy- 
live per cent. In some instances the 
utilization of phosphorus is as low as ten 
per cent. 

Even allowing foi losses, the increas¬ 
ed crop value resulting from the pioper 
application of fertilizer can be substan¬ 
tial. On a poor soil the gain can ap¬ 
proach ten times the cost of the material 
applied. Wheie the soil is good and the 
ciop yields are high the gam from fer¬ 
tilizing is more likely to be three to five 
times the cost of the fertilizer. 

Because of this diminishing return 
there eventually comes a point at which 
the additional yield no longer justifies 
the cost of the corresponding extra ferti¬ 
lizer. There is also an agronomic reason 
for avoiding the ovei-application of ferti¬ 
lizer, ultimately a point can be leached 
at which the high concentiation of nu¬ 
trient salts in the soil can damage the 
plants. 

Modem Fertilizer Production 

Today a farmer can buy a wide varie¬ 
ty of chemical fertilizers. If he wants 
only one nutiient, he can find a fcrtili- 
zei that piovidos it, he can also find 
fertilizers that contain almost any com¬ 
bination of nitrogen, phosphorus, potas¬ 
sium, and the micronulrients. 

The industry that produces them is en¬ 
ormous, having a worldwide output, ac¬ 
cording to a recent estimate by the Food 
and Agriculture Organization, of more 
than thirty-three million tons a year, I 


shall briefly describe the processes now 
involved in producing the primary 
nutrients 

Nitrogen Sources (N) 

Synthetic ammonia is firmly establish¬ 
ed as the principal source of nitrogen 
in fertilizer. Ammonia synthesis re¬ 
mains unchanged in principle from the 
technique developed by Harper and 
Bosch in Germany in 1910 Large-scale- 
production often picsents additional pio- 
blems, however, because of the need to 
obtain huge supplies of pure gaseous 
nitrogen and hydrogen at low cost. 

Pine nitiogen can he pioduccd in 
quantity with relative ease by removing 
oxygen and other gases fiom an through 
liquefaction or combustion. 

Hydrogen is another matter. Some 
eaily ammonia plants used hydiogen 
made by electrolysis, but the piohibitive 
cost led to a search for cheaper sources 
Methods for piodueing hydiogen fiom 
solid fuels, such as coal and lignite, 
were developed in Europe. 

In the United States wheie nalmal gas 
is plentiful, the simpler catalytic reform¬ 
ing of methane has proved an ideal way 
of making hydiogen. More lecently the, 
catalytic ic-founing of light petroleum 
fractions, such as naphtha with the aid 
of steam and the partial oxidation of 
heavy oil with oxygen, have been widely 
used in countries that lack natural gas. 

Although there is a strong trend, parti¬ 
cularly in the United States towards in¬ 
jecting ammonia directly into the soil in 
the form of anhydrous ammonia or 
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aqueous solutions, most agricultural 
ammonia is still converted into solid 
derivatives. Ammonium nitrate is a form 
popular among manufacturers, since the 
nitric acid needed to produce it is also 
made from ammonia. 

Similarly, large amounts of urea arc 
produced by combining ammonia with 
carbon dioxide derived from oxidation 
of the law material used to produce the 
hydrogen, Ammonium sulphate is also 
made on a large scale by reacting 
ammonia with sulphuric acid. 

In the Far East, substantial quantities 
of ammonium chloride are made from 
ammonia and salt or hydrochloric acid. 
Ammonium phosphates and nitrophos- 
pliatcs are additional fertilizers derived 
from ammonia. 

A principal advantage of most solid 
foims of ammonia is the ease with 
which they can be transported and ap¬ 
plied to the soil. The high nitrogen con¬ 
tent of urea (46 per cent) and ammon¬ 
ium nitrate (33.5 per cent) make them 
particularly advantageous. 

Phosphate Sources 

Most phosphate fertilizers now come 
from mineral deposits, chiefly those in 
Florida, the western US, North Africa, 
and parts of the USSR, Although 
both igneous and sedimentary phosphate 
deposits exist, about 90 per cent of the 
world’s fertilizei needs are supplied from 
the sedimentary sources because they 
aie more plentiful than the igneous mi¬ 
neral and also easier to mine and 
process, 

Few minerals are found more widely 


.sealterod. Bui the phosphate pellets 
are often found under several feet of 
sand, clay or leached ore that must be 
taken ofF by scrapers or draglines be¬ 
fore the phosphate matrix can bo re¬ 
moved. 

In the extensive operations in Florida, 
the matrix is excavated, dropped into 
sumps, slurried with powerful jets of 
water, and then pumped to the process¬ 
ing plants. The material thus obtained 
may be only about fifteen per cent phos¬ 
phate because of the, large amounts of 
sand and clay in the matrix. Much of 
the sand and clay is removed by various 
piocesscs to yield concentrates contain¬ 
ing 30 to 36 per cent phosphate, These j 
eoneentiates are then blended and dried 1 
before further processing or shipment j 

Somewhat different methods are used 
in North Africa; where large, tonnage, ol 
high-grade phosphate rocks are, mined 
by umlorgiotmd methods. Often they 
are only crushed, screened, and dried 
before shipment. 

Several types of fertilizers are made 
from the phosphate rock processed byj 
the methods I have described. The; 
simplest type consists of high-grade rock,: 
ground to particles less than one mi Hi-; 
metre in size. This type is used direct-*; 
ly on acid soils, which slowly attack the, 
water-insoluble phosphate to make, it! 
available, to plants, ; 

Next in simplicity is superphosphate,, 
made by mixing ground phosphate rocki 
with sulphuric acid to form a slurry' that; 
quickly hardens in a curing pile. After 
several weeks the hardened super-; 
phosphate is excavated and pulverized; 
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often the powder is formed into granu¬ 
les. 

The pulverized or granulated material 
is marketed either alone, as a phosphate 
fertilizer containing about 18 per cent 
water-soluble phosphorus pcnloxide, or 
in conjunction with other fertilizer 
matenals The various processing steps 
conveit insoluble tricalcium phosphate 
to watei-soluble monocalcium phosphate 
and gypsurn. 

Gypsum, however, is of litLle use in 
soil except when deficiencies in calcium 
or sulphur exist or when salinity is ex¬ 
cessive. It also has a diluting effect on 
the phosphorus pentoxide content. 

Therefore, it was a substantial ad¬ 
vance when methods were devised for 
producing monocalcium, phosphate with¬ 
out gypsum. The technique is to dis¬ 
solve phosphate lock in a mixture of 
sulphuric and phosphoric acid to form 
gypsum and additional phosphoric acid, 
which can be separated by filtration. 

Thereafter the gypsum is usually dis¬ 
carded; die phosphoric acid is concen¬ 
trated and mixed with finely ground 
phosphate rock to form a slurry that 
soon hardens into a product known as 
triple superphosphate. Its content of 
water-soluble phosphorus pentoxide is 
about forty-eight per cent, Moreover, 
the product is cheaper to transport and 
to apply per unit of phosphorus pen- 
toxiclc than ordinary superphosphate. 

Substantial tonnages of phosphate 
fertilizers are also made by treating 
phosphate lock with nitric acid and am¬ 
monia to yield a range of materials’ 
that contain nitrogen as well as phos- 


pliouis Potash can he added to form 
high-analysis fertilizers with a content 
of pi unary nutrients as high as sixty per 
cent, as for example, in a 20-20-20 
gi ado. 

Another popular fortilizei is diam¬ 
monium phosphate, which is made by 
neutralizing phosphoric acid with am¬ 
monia to yield a material containing 
about 20 per cent nitrogen and 50 per 
cent water-soluble phosphorus pent¬ 
oxide. Potash can bo added to this 
pioduct to make anothci high-analysis 
mixture containing all the primal y 
nutrients, 

Potassium Sources (K) 

Potassium exists in enormous quanti¬ 
ties in the rocks and soils of the world. 
Often, however, it is in the form of in¬ 
soluble minerals unsuitable for agricul¬ 
ture. Fortunately large deposits of 
solublo potassium chloride arc available, 
mostly as sylvite and sylvinite or, in 
conjunction with magnesium, as camal- 
lile and langbeinite. Such deposits are 
often mixed with sodium chloride in the 
'fomi of halite, which is toxic to many 
ciops and must be removed. 

Extensive supplies of sylvite and car- 
nallile were found first in Germany and 
later in Fiance, the western G.S. and 
many other countries. 

In the Canadian province of Saskat¬ 
chewan huge quantities of sylvite and 
earnalhtc were more recently found at 
depths of 3,(XX) to 4,000 feet Although 
these deposits arc considerably deeper 
than U.S. and European potash sources, 
mining difficulties have now been over¬ 
come and the production of several 
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million tons annually of Canadian 
potash will be of groat benefit to world 
agricultuie. 

Another Canadian development of 
growing importance is the large-scale 
production of potash by solution min¬ 
ing, which involves pumping water into 
the potash beds and bringing tire re¬ 
sulting solution to the surface for evapo¬ 
ration and tire recovery of potash in 
solid form. 

Methods of Using Potassium 

After solid potash minerals are 
mined, they are sometimes crushed and 
separated from their impurities by wash¬ 
ing and froth-flotation, in which treat¬ 
ment with amine salts and air crushes 
the sylvite particles to float away from 
die unwanted substances, In other 
cases, potash is recovered by solution 
and crystallization. The relatively pure 
product is dried, treated with an amine 
anticaking agent, and sold for agricul¬ 
tural purposes as muriate of potash con¬ 
taining 60 to 62 per cent of potassium 
oxide. 

Most potash is used in conjunction 
with nitrogen and phosphorus com¬ 
pounds. Potassium sulphate and potas¬ 
sium nitrate are also used to a limited 
extent in agricultural situations where 
the chloride ions of potash would be 
harmful, as they are to tobacco, 

Detecting Major Soil Deficiencies 

It is appropriate now to consider the 
role of nutrients in plant growth, to¬ 
gether with some other factors that must 
bgn taken into account in the use of 


fertilizers. As anyone experienced in 
agronomy or gardening knows, it is 
wasteful and sometimes even harmful 
to broadcast fertilizer indiscriminately. 

Tlie grower must know the condition 
of liis soil and treat it accordingly, In < 
most cases ho must apply the bulk of 
tire treatment before sowing, because as 
a rule most of the nutrient needed by a 
plant is taken up in the early stages of 
its growth. 

The correct nutrient balance is addi¬ 
tionally important because a deficiency 
of any one plant food in the soil will 
reduce tins effect of others, even if the)' 
are rn over-supply. 

A deficiency of nitrogen usually ap- j 
pears in plants ns a yellowing of the ( 
leaves, accompanied by shrivelling that ' 
proceeds upward from the lower leaves. 
The principal effects of nitrogen on 
plants include accelerated growth and 
increased yield of leaf, fruit, and seed. 
Nitrogen also promotes tiro activity of 
soil bacteria. 

Nitrate nitrogen is quickly available 
to root system, but it may, therefore, 
make the plants grow too rapidly. 
Moreover, nitrate is easily lost by leach¬ 
ing. Ammoniacal nitrogen, on the 
other Irand, is immediately fixed in the 
soil by ion-exchange reactions and is 
released to tho plants over a longer 
period than nitrate nitrogen. 

For these reasons it is sometimes the 
practice to inject free*, ammonia in an¬ 
hydrous or aqueous form a few inches 
below die surface of a moist soil. With 
many crops optimum results are 
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obtained by the pioper combination of 
nitiate nitrogen and ammoniacal nitro¬ 
gen in citliei solid or liquid form. 

Phosphorus deficiency is often repre¬ 
sented by purlish leaves and stems, slow 
giowth and low yields. Phosphorus sti¬ 
mulates the geimmation of seedlings 
and encourages early root formation. 
Since these lesults arc less evident than 
those induced by applications of nitro¬ 
gen, many farmer's, particularly in tho 
Far East, use insufficient quantities of 
phosphate fertilizei, 

Potassium deficiency can often be de¬ 
tected by a spotting or curling of lower 
leaves. Additional symptoms are weak 
stalks and steins, a condition that can 
cause heavy ciop losses in strong winds 
and heavy rains. The application of 
potassium improves the yield of grain 
and seed, and it enhances the formation 
of starches, sugars, and plant oils. It 
also contributes to the plant’s vigour 
and its resistance to frost and disease. 

As for deficiencies of secondary nutri¬ 
ents, a lack of magnesium may cause a 
general loss of colour, weak stalks, and 
white bands across the leaves in com 
and certain other plants. A calcium 
deficiency may give rise to the prema¬ 
ture death of young leaves and poor 
formation of seed. An inadequate sup¬ 
ply of sulphur frequently leads to pale 
leaves, stunted growth, and immature 
fruit. 

Typical examples of micronutrient 
deficiency are near rot rn vegetables and 
fruits as a result of a shortage of boron 
and stunted growth of vegetables and 
citrus plants resulting from insufficient 


manganese and molybdenum. Micro- 
nutnent deficiencies may be haul to 
rectify, because the balance between 
enough of a micionutiient and a toxic 
over-supply can be delicate. 

An important consideration in the use 
of fertilizers is the acidity of the soil, 
which considerably influences tho avail¬ 
ability of many nutrients to the plant. 
To complicate matters, nitrogen fertili¬ 
zers, such as ammonia, uiea, ammonium 
nitrate, and other ammonia derivatives, 
can themselves raise the acidity of soils, 
by means of complex ion-exchange re¬ 
actions. In most cases the acidity of 
a soil can be controlled by adding ap¬ 
propriate amounts of lime, giound lime¬ 
stone, or other forms of calcium carbo¬ 
nate. 

Soil tilth, or structure, is also impor¬ 
tant. For example, the richer cherno¬ 
zem soils found in the middle of the 
Ninth American continent and in the 
Ukraino are in many cases well sup¬ 
plied with organic humus and lime salts 
and need only regular supplies of plant 
nutrients to replace those removed by 
agriculture and leaching. 

On the other band, the padzol soils 
that cover the noith-eastcrn U.S. most 
of Britain, and much of central Europe 
have been intensively leached by cen¬ 
turies of farming and exposure; they 
need not only liberal supplies of plant 
nutrients but also lime and organic 
humus. 

Desert soils may be rich in certain 
minerals and yet lacking in available 
nutrients and in the organic matter 
usually necessary to letain moisture and 
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to piovkle good tilth. Such soils cun 
be made pioducUvc, howevei, as has 
been amply demonstrated in Israel. 

Nme Forms of Fertilizer 
In spite of the many improvements 
made in chemical fertilizers during the 
past fifty yeais, sevcial problems still 
confront the fertilizer industry. One 
majoi concern is achieving the control¬ 
led release of nutrients so that waste 
and also damage to young plants can 
be avoided. 


muich 1%7 

Methods now being tested include the 
use ot slowK (let iimposing moiganic 
materials such as magnesium ammoni¬ 
um phosphate and suitlictic organic 
eoinpouuds mu h as f«u iiiamidc and 
osamido, 

AnotluT tccbnifpic being .studied is 
tin* encapsulation of ferlili/ir particles 
with Milpluu or plastic. 

Investigators an* also explmiug the 
possibilities of producing chemical ferti- 


TABLE 


Substance ■ Ipjmnimatv Pound Supl't" •' » 

Per .Inc 


Nitrogen 

Phosphorus 

31(1 

120 (Phosphate) 

52 (Phosphorus) 

1. 20(1 Founds of 25-10-20 
Fertilize! 

Potassium 

245 (Potash) 

205 (Potassium) 


Calcium 

58 

Approximately ISO pounds 
of agricultural limestone. 

Magnesium 

50 

Approximately 275 pounds 
of epsotn : alt or 550 poundi 
sulphate of potash mag¬ 

Sulphur 

33 

nesia. 33 pounds of sulphur 

Iron 

3 

15 pounds of iron sulphate 

Manganese 

0.45 

Approximately 1.3 pounds 
of manganese sulphate. 

Boron 

0.10 

Approximately one pound 
borax. 

Zinc 

Trace 

Small amount of zinc sul¬ 
phate. 

Copper 

Trace 

Small amount of copper 
sulphate or oxide. 

Molybdenum 

Trace 

very small amount of 
sodium or ammonium 
molybdate. 

Oxygen 

10,200 

Air 

Carbon 

7.800 

Air 

Water 

3.225 to 4,175 Tons 

29 to 36 inches of rain. 


♦Nutrients required to produce 150 bushels of corn are indicated. Most plants 
take all their nutrients from the soil except carbon, oxygen, and hydrogen, obtain¬ 
ed from the air. 
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lizeis in which a plant nutrient would 
be. ‘sequesteied’ in molecules of the 
chelate type, Chelation involves a tight 
moleculai bonding that would piotecl 
thc-nutncnt against rapid attack. In this 
way the desired plant food would he re¬ 
leased slowly and m a pres cubed 
manner by chemical icactions in the 
soil. 

m 

An ultimate possibility is the produc¬ 
tion of ‘packaged’ granules, each con¬ 
taining a seed and whatever substances 
aic needed dining the lifetime of the 
plant. They would lie released in the 
piopei amounts and sequence. 

Chemical Ploughing 

A new agricultural technique already 
in use on a small scale is chemical 
ploughing. Instead of turning stubble 
and cover ciops into the giound 
mechanically, the farmer kills them by 
spraying them with the appropriate her¬ 
bicides. Eventually the dead plant 
materials become sources of humus and 
plant nutrient. Any excess of herbi¬ 
cide is rendered harmless by the action 
of soil colloids. New seeds and ferti¬ 
lizers aie drilled directly though the 
dead covei material, which also gives 
protection against eiosion, frost, and 
(bought. 


Effoits aie also under way to reduce 
the cost of transporting fertilizes and 
their law materials The appioach 
line is to try to produce them m highly 
concentrated liquid or solid form. 
They are then appropriately diluted or 
combined at the point of use. 

Pei haps the most vital work is the 
education of fanneis—particularly fai- 
mois m the developing countries-in 
modem agricultural methods, including 
the use of chemical fertilizers. 

In addition, the developing nations 
must establish low-cost credit plans so 
that impoverished fanners can buy ade¬ 
quate supplies of fertilizers. 

Similarly, credit must be extended by 
the. developed nations to the less deve¬ 
loped ones" on an even bigger scale than 
at picscnt in ordei to help the less deve¬ 
loped nations obtain the materials, equip¬ 
ment, and expert advice they need to 
build their own chemical fertilizer 
plants. 

Until these steps are taken to spread 
modem agricultiual technology, the 
developing nations will fall far short of 
the contribution they could make to the 
intensifying pioblem of producing 
enough food for the world’s gi owing 
population. 
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I T is by no means beating a dead 
horse to urge the importance of 
mathematics for problem solving, and 
especially pioblem solving in the 
schools, at every level fiom lundcigai- 
ten on. Fortunately, there is nowadays 
a giowing realization of the importance 
of mathematical problem solving, and 
a growing list of books and journals 
where good problems, at every level, 
can be found. I'm not talking about 
loutine exercises in school books—‘drill’ 
problems—though it may bo said in de¬ 
fence of these that problem which an 
adult finds routinely easy and dull may 
yet be both difficult and fascinating to 
a child. Today, even at the elementary 
school level there is an increasing body 
of non-routine challenging mathemati¬ 
cal problems for those bright children 
some of whom will develop into the 
next generation’s mathematicians and 
scientists. I’m thinking, for instance, of 
some of the ‘bramtwisters’ in the School. 
Mathematics Study Group’s writings, 
and especially of the ingenious supple¬ 
mentary problems for ‘fasf students de¬ 
vised for the SMSG primary and ele¬ 
mentary school materials by Frank 
Sinden of Bell Telephone Laboratories, 

At a more advanced level we may 
mention George Polya’s recent book 
Mathematical Discooenj, Volume I; 


Oh Understanding. Learning, and 
Teaching Problem Salving (Wiley, 
1902), as well as Jus curlier, mote 
sophisticated books lime (a Soli e If 
(Princeton, 1915) and Mathematics anti 
Plausible Reawning (Princeton, 1951). 
The books of good problems accessible 
to high school students include the 
Contest Problem Rook (No, 5 in the 
‘New Mathematical Library’ produced 
under the monograph programme of 
SMSG) and the, //impawn Problem 
Book in two volumes (Nos. 11 and 12 
in the ‘Now Mathematical Library’). 
Hugo Steinhaus’ One Hundred Pro¬ 
blems in Klemcntary Mathematics 
(Basic Books, IQfil), translated from a 
Polish book of the year 1993, contains 
many fascinating problems (with 
answers) at the high school to college 
level. And at a higher, collegiate level 
we may mention the problem sections 
of the American Mathematical Monthly 
and The Otto Dunkel Memorial Pro¬ 
blem Book edited by Howard Kvos and 
E, P Starke and published in 1957 as 
a supplement to the American Mathe¬ 
matical Monthly. It contains a selec¬ 
tion of 400 ‘best’ problems from the 
Monthly’s problem sections during the 
period 1918 to 1950. 

Reference* may also be made to the 
problem section of the Mathematics 


Reprinted from the mathematics ieacher, 58(6), October 1965 with the kind permission of 
the Editor. 
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Magazine and to twenty-seventh and 
Lwenty-eightb yeaibooks of the. Nation¬ 
al Council of Teachers of Mathematics. 
In the twenty-seventh Yeaibook, chap¬ 
ters 5, 12 and 14 bear on the general 
question of pioblem solving, while Julia 
Adkins’ article on ‘Unit Fractions’ (chap. 
15) is diiectly related to the arithmetic 
pioblems to be considered below, In 
the twenty-eighth yeaibook, chapteis 1, 
14, 15, 16, and 17 have material on pro¬ 
blem solving, and some excellent pro¬ 
blems, 

A Problem From Arithmetic 

I should now like to considei an 
actual pioblem from one of these books 
(Hungarian Problem Book, Vol. II, 
p. 15, problem No, 2, for the year 1918). 
It begins as just a simple pioblem from 
arithmetic, but, like many good pro¬ 
blems, it leads, as we shall see, to fur¬ 
ther problems. Right now I’d like to 
approach this pioblem'naively’, as much 
as any capable and intellectually curious 
but only modciately knowledgeable 
high school student might do. Then, in 
a second article, to be published next 
month, I’d like to give you some inte- 
lestmg historical highlights on the ideas 
to which this pioblem leads, carrying 
these through from ancient times right 
up into the year 1964, 

Heie is tho problem from Hungarian 
Problem, Book, Volume II: 

The Problem: Can you find three, 
(different) positive integers the sum of 
whose reciprocals is an integerP 
Otherwise phrased, can you find three 
positive integers a, b, and c such that, 
say, a < b < c and such that 



is an integei? 

A student can quickly find by 'dial 
and cuor’ that a—2, b=3, c- -6 will do, 
because 



an in toga. So the hare question posed 
is easily answered. But an inquiring 
mind ougliL not to stop tlieie; it would 
be reasonable to ask if thae aie any 
other solutions of this pioblem, We 
quickly see that there couldn’t he very 
many; foi if a, b, c aie at all huge, then 
the sum of theii recipiocals will be too 
small even to add up to 1. In fact. 


So we might suspect that 2, 3, 6 consti¬ 
tute the only solution to the problem. 
Can wo prove this? That is, we are now 
conjecturing a theorem: 

Theoiom: The only positive integers 
a, b, and c such that a < b < c and such 
that 

JL a. J J. 

a 1 b c 

is an integer are a--2, b= 3, and c- -6. 

Let us think alxml how wo might 
prove this theorem. 

First, why must we have a—2 ? Could 
wo have a-~l? A moment’s reflection 
shows that we could not, For then 
b^2 and cSi; 3. But then 




16 


SCHOOL SCII'NOK MAltOH 1U67 


i < _L -f. ' 

1 1 + b 


1 + 1 
2 3 


1. 


showing that 

-W-U-f 

a b c 
could not be an integer. 

Could we have a> 2? No! For then 
a =2 3, b=g 4 and cS 5, whence 


1h4+-i 

a b c 


1 , 1 1 
4 < 3 


1 +JL-i 

3 3 


as noted before 

Therefore we must have a — 2 
Next, we must have b==3. For d 
bS 4, then eS;5, whence 
1 , 1.1 1 , l , 1 ^ 1 • 

i+i~l 

Now we know a ~ 2 and b — 3, so 
c>:4 Theiefore 


1 


2 ~ 3 T c 2 3 4 


= _6 _l 4 , _3 __Jd_ 

12 + 12 -1 " 12 12 12’ 

so that the only possible integer that 

J—_L 

2 3 ~ c 

can be is 1. Hence c=6, and the proof 
is complete. 


A Generalization 

Wo have managed to express 1 as the 
sum of the reciprocals of three positive 
integers. This fact might suggest the 
following further problem: 

Problem: For which positive in¬ 
tegers n can toe express 1 as the sum oj 


the reciprocals of n (different) positive 
integers? 

In trying to answer this- question we 
might begin by using the fact that 


in the following way: 



11 J__ . 1 
2*4 b ' 12 


In this way we have expressed (arabie) 
l-"ono as the .sum of the reeiproculs of 
lour positive integers, namely, 2. 4, 6, 
and 12. 


What we base done once wo can do 
again: 



1 , 1 j 1 . 1 , 1 

~2 1 4 B ' 12 ' 24 


This expresses 1 as the sum of the 
reciprocals of the five positive integers 
2, 4, 8, 12, and 21. It is clear that we 
can lepeat this process further. In 
fact, if wo write this last relation in the 
form 

i=_. J |. 1 »|-. i > 

2 2'- 1 2 s 2*.3 KKT 

it suggests tlio following theorem: 
Theorem: For every positive Integer 
n, 


(3.1) l--= 


_L 

2 


I 

2 5 


I 

2 ~' 


: —4- 

- J .3 


1 

2 n 3 
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This theorem, if it is tiue, expresses 
1 as the sum of the reciprocals of n+2 
(different) positive intcgcis, namely, 2, 
2 2 ,. , , 2", 2“- 1 ,3, and 2" 3 
To sec that the theorem is true, wo 
might begin with the equation 

(3.2) 1 = ^ 2 + -gr-l -I' ^ 2» 

which is almost obvious when wo think 
of cutting a line segment of length 1 
into halves successively on the right, as 
suggested for the case n= 4 in the iiginc 
below 

- v . 

i' -i It in h. 

If we now re-write the last term in 
equation (3.2) as follows: 

1 ^ 1 . 1 

2“ 2 n ’" v 2 



2"“ 1 .3 2’*.3 ' 


we obtain the desired equation (3.1). 

A Different Generalization 

Since the solution of the original pro¬ 
blem expressed the particular positive 
integer 1 as a sum of reciprocals of posi¬ 
tive integers, another more general pro¬ 
blem that might suggest itself is this: 
Problem: For which positive integers 
rn can we express m as a sum of the 
reciprocals of sovie number of positive 
integers, all different? 

Thcie are undoubtedly several ways 
of getting started on this question. One. 
way might bo to begin by thinking of 
rn as the sum of ones: 

m= 1 + 14- . + 1 (m summands), 


We could express the first I as 

1 . 

1 

We could tlieii express the second 1 as 

( 4-1 ) T +■ 3 

Next, we might wonder, could we ex¬ 
press the third 1 as a sum of reciprocals 
of integers all of them greater than the 
largest integei, 6, already used in (4.1)? 
And then could wc express the fourth 
1 as a sum of reeipiocals of integei s, 
all of them greater than those used so 
fan' And so on. If we can continue 
in this way, then dearly the answer to 
the question in the above problem is 
“All positive integers in" 

Thus we can solve the above problem 
if we can first prove the following 
auxiliary theorem, or lemma: 

Lemma: For event/ positive integer 
N, the number 1 can be expressed as a 
sum of reciprocals of integers, all differ¬ 
ent from each other and all 3; N. 

As a matter of fact it turns out tliat 
we can prove this lemma and that we 
can in fact make the smallest of these 
positive integers actually equal to N. 
One way to see this is to make use of 
the following ‘denominator increasing’ 
foimulas: 


1 

, i „i._L . 

1 + 1 , 
3 6 

2 ~~ 

3 2,3 

1 

1 j 1 

4 n 3.4 

1 -I- 1 

3 ~ 

4" 12’ 

1 

1 . + .1 , 

5 4.5 

1 i 1 

4 

5 1 20 ’ 

1 

! 4- 

! 

m 

m+1 m (w+1) 
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and so on. (All of these formulas are 
easily verified directly.) 

For instance, to express 1 as a sum ot 
reciprocals of integeis, all different and 
die smallest of them equal to 3, we 
could piocecd as follows: 


i=_L-i—L+_L 

2 3 6 


-< 4 +T>+(i+£>+ 

(T + 4l) 

_ i , l ■ l , l . l , i 


It takes a little argument to sec tliat 
this works for a gcneial N as well as 
for the particular number 3, above, and 
hence establishes the lemma. The 
main point to bo checked is that the 
process of successive replacements, 
using die ‘denominator increasing’ for¬ 
mulas, does ultimately yield denomina¬ 
tors that are all different, so that this 
process doesn’t have to be continued 
indefinitely. 


Further Observations 

We have now seen diat for every posi¬ 
tive integer m we can express m as a 
sum of reciprocals of posidve integers, 
all different. That is, for every positive 
integer m there are positive integers 
a 1 <a a <.. <ak such that m is the sum 
of the ‘unit fractions’ 

(5i) w=-L+ —+.. . + -L. 

2 C ^ 

But it is now easy to extend this and 
express any positive rational number r 


as a stun of unit fractions. Wo first 
take any expression of r as a fraction 
m/n with positive integer numerator m 
and positive integer denominator n. 
Next, we find an expression for the 
numerator m as a Mini of unit fractions, 
as in (5.1). Then we simply divide 
tlnough this equation bv n, thus express¬ 
ing r as a sum. 

r _, 1 1 „L - . .. , 

H Mil Mir, lull, 

of the unit fractions with denominators 
na 5 na ,. . , na k . We have thus 
established the following author nice 
theorem: 

Theorem: Jit rn/ positive rational 
number is expressible as a sum of unit 
fractions which are distinct (i r„ differ¬ 
ent from each other). 

You might wonder whether this 
theorem is old or new, well known or 
unknown. I will admit that it was 
completely unknown to mo when I had 
the fun of discovering it for myself 
about a year ago as a result of reading 
the Hungarian Book problem we've 
been talking about. I will have more 
to say about this point in the sramtl of 
these two articles. 

Meantime, let us conclude by noticing 
just one more point. Since each ra¬ 
tional number r is expressible as a sum 
of distinct unit fractious, thorn must be 
a smallest nmnbea- call it f(r)—of unit 
fiaclions whose sum is r. For instance, 
since 



we see that f (i) -=■ p 
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and since no sum of tlnee oi fewer unit 
fractions can add up to as much as 2, 
we see that 

m- -i- 

For huger positive integers n it be¬ 
comes increasingly awkward to evaluate 
the minimal number f(n) of unit frac¬ 
tions whose sum is n. But we do have 
a simple way of giving an underestimate 
of this number. You no doubt recall 
the so-called ‘harmonic series’ 



And you also no doubt lccall that by 
adding up enough terms of this scries 
we can obtain as largo a sum as we 
please. Thus for each positive integer 
u there is a largest positive integer m 
such that 


Since the fast rn unit fractions 

1 1 1 

1 ’ 2 ’ m 

are also the m largest ones, it is easy 
to see that the number, /(n), of unit 
fractions needed to add up to n, exact¬ 
ly, is at least m, That is, 

/(//) Stm. 

I was curious enough to have our 
electronic computer at the University 


of Viiginia run oil some of these esti¬ 
mates It turns out, foi instance, that 

7 ( 3 ) ^ 10 , 

/(4) S 30, 

7 ( 5 ) ^ 82 , 

and /(6) is well over 200. According 
to a result recorded m the Scientific 
American for January 1965, page 116, a 
further analysis using computers lias 
shown that f(100)>2 113 

As n increases, it appears that f(n) 
increases too, and at a greater and 
gieatei rate. One might wonclei if any¬ 
thing could lie said about this rato as 
n gets larger and larger, This pioblem 
is quite a bit harder than the ones we 
have been considering, As a matter of 
fact the answoi was not known in 1061. 
when Herbert Wilf posed this as a pio- 
blein for rcsoaieh (Bulletin of the 
American Mathematical Society, LXVII 
(1961, 456), The problem was solved 
in 1963 by P. J. Van Albuda and J. II. 
Van Lint (American Mathematical 
Monthly, LXX (1933, 173) and inde¬ 
pendently by P. Krebs and S, Stein 
(Proceedings of the American Mathe¬ 
matical Society, XIV (1933, 130), It 
turns out that the larger n gets, the more 
nearly f(n) behaves liko the exponen¬ 
tial function 

c n r< 

where e is the base of the natural 
logarithm system and r is a certain 
number known as Killer’s constant. 
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^JNLIKE their counterparts in America 
and European countries, biologists 
in India have a double lash before them. 
First, they have to modernize the 
existing curricula and methods of in¬ 


struction in biology, and thus strive to 
improve the public image of biology. 
Secondly, they have to convince the 
educational authorities of the im¬ 
portance and necessity of making 
biology a compulsory part of general 
education so that the citizens may 
seive the needs of a democratic coun- 


hy more intelligently. This problem is 
a pait of another larger task before 
them, namely, removing the deficiencies 
of the existing system of biology in¬ 
struction and bringing it in line with 
modem trends in science learning. 
While in other countries the status of 
school biology has been steadily im¬ 
proving with the all round academic 
improvement, the biology cuiricula in 
Indian schools and colleges have re¬ 
mained almost unchanged ever since 
they were introduced—in some places 
as far back as 150 years ago. An 
attempt is made in this survey paper 
to analyze the existing problems, and 
the steps being currently taken for im¬ 
proving the teaching of biology in 
Indian schools. Some of our problems 
are common to those faced by other 
countries; certain others are peculiar to 
India, and perhaps to a few other 
developing countries of Asia. 


PRESENT STATES OF SCHOOL 
BIOLOGY 

[n India (hen* air two kinds of 
.school com sos—High School (2-ycar 
course after S \car.s in pre-secondary 
or Middle school) and Higher Second¬ 
ary coui.se (3-vear emit sc after 8 years 
ill Middle .school!. In high si bools there 
is no biology curriculum as such; it 
fm ms only a part of the (General 
.Science euuieulom. The student learns 
little beyond gaming some familiarity 
with u few plants and annuals, and 
an eleinentiuy idea ol digestion, res* 
piralion and photosynthesis. In most 
high schools then* is either no labora¬ 
tory work at all, or it is limited to tire 
description of just a few plants and 
animals with the help of specimens, 
models, charts and slides, 

BIOLOGY CURRICULUM IN 
HIGHER SECONDARY 
SCHOOLS 

Much of the following discussion is 
concerned with biology in tiro higher 
secondary course (3-year course after 
the middle stage). It is taken as an 
elective subject by science students. 
A look at tins old syllabus shows 
that the main emphasis is on structure, 
definitions and explanations. There 
is a traditional division of the course 
into Botany and Zoology, both of which 
arc treated as a closed and completed 


Paper presented at the First Asian Regional Conference on School Biology, 
held at Manila from December 4-10, 1966, 
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stoiy wheie there is nothing to do ex¬ 
cept to lemember the shapes of leaves, 
the foims of roots and stems, and the 
skeletal and other systems of frog as 
well as other animals. In this mor¬ 
phology-anatomy dominated curriculum, 
physiology, ecology, genetics, micro¬ 
biology and the interrelations of plants 
and animals receive negligible atten¬ 
tion. The cuiriculum presents an end¬ 
less series of technical terms and 
lengthy descriptions which do not mean 
a thing to the beginner, and yet he 
must memorize diem. In his struggle 
with these terms he often fails to ap¬ 
preciate the real odour of the subject 
Another surprising aspect is that the 
study of human biology is completely 
omitted. Thus, the student remains 
completely ignoiant of the functioning 
of his own body though he becomes 
lamihai with the smallest hone of a 
hog and the details about the life cycle 
of a honey bee. 

On the whole, the syllabus is primi¬ 
tive in content, too mechanical in ap¬ 
proach, and too dull and boiing to 
pursue. Perhaps the only object serv¬ 
ed by this scheme is that the students 
who manage to memorize a certain 
mass of facts and get through the ex¬ 
amination become eligible for entrance 
into a university or a medical college. 
The syllabus together with the ap¬ 
proach followed in its presentation, 
fails to give the students an insight into 
the fascinating world of life of which 
they themselves form such an impor¬ 
tant part. 

This curriculum has been, in pait at 
least, responsible for adversely affect¬ 
ing the status of biology and m making 


the subject the least populai of all 
sciences. 

The reasons foi these defects in cur- 
iiculum can be traced to the origin 
of liigliei secondaiy courses. Surpris¬ 
ingly enough biology was not taught 
m Indian schools till as late as 1940, 
it used lo be taught only m the Inter¬ 
mediate colleges, repicsenting the first 
stage of a degree course. With die 
adoption of secondary system of edu¬ 
cation—in most states after 1945—elec¬ 
tive and compulsory courses m biology 
weie intioduced. The biology courses 
at the Intermediate college level weie 
lather hurriedly and, shall we say 
thoughtlessly, condensed lo about 80 
per cent, and prescribed foi the higher 
secondary classes. It may he noted 
that the syllabuses of flie Intcimediate 
colleges which formed die genitor of 
the school syllabus were themselves 
quite outmoded—they were introduced 
at the turn of the piesent century. 
Thus, all the dead weight of the prim¬ 
itive Intermediate syllabus steeped 
into the school syllabus. 

After the inception of the National 
Council of Educational Hesearch and 
Training, Government of India, a new 
syllabus was drafted in 1964. Although 
there has been a lot of resistance to 
adopting even this not-too-modern cui- 
riculum, it is encouraging to note that 
several states have finally come forward 
to give it a trial. The principles fol¬ 
lowed in drawing up this syllabus are 
discussed later in this paper. 

Reading Material Used by Students 

The course content being largely 
similar to the Intermediate college 
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cuiiiculum. the books used in second¬ 
ary schools are generally the same 
as those used in Intermediate colleges. 
The paucity of suitable textbooks 
for schools is reflected in the fact 

that many boards of secondary educa¬ 
tion do not prescribe a textbook; they 
only recommend certain college books. 
The Central Board of Secondary Edu- 1 
cation in Delhi, for instance, recom¬ 
mends the following books : 

1 An Elementary Textbook of 
Zoology by T. J. Parker and W. 
N. Parkei; Macmillan and Co., 

Ltd., London, 1952. 

2. The Fwg by A. M. Maishal, 

Macmillan and Co„ Ltd., Lon¬ 

don, 1930. 

3. Skeleton of Indian Frog by M. L. 
Bhatia; Maxwell Publication, 
Lucknow, 1952, 

4. A Class Book of Botany by A. C. 
Datta; Oxford University Press, 
Bombay, 1965. 

Most of these 'recommended books’ 
are actually college level books of a 
rather specialized type, and are written 
by foreign authors exclusively or in 
collaboration with an Indian author. 
In addition to these there are many 
books by college teachers of botany 
and zoology. Most of the latter books 
are devoted exclusively to lengthy des¬ 
criptions studded with hundreds of 
technical terms and their definitions. 
A large fund of biological information 
acquired during the present century 
finds no mention, The biological con¬ 
cepts and principles, and their applica¬ 
tion in daily life become obscure in the 
maze of descriptions and terminology. 
The books achieve litde in developing 
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the scientific outlook and experimental 
attitude of mind. The diagrams and 
printing leave much room for improve¬ 
ment. Since both curricula and ex¬ 
isting textbooks demand a lot oE 
memorization from the student, there 
is a tendency for further consolidation 
and condensation of the nutter to its 
barest essentials. The result, is the 
production of certain cheap or "made- 
ousv", matter-of-fact books. These are 
nothing more than compendia of de¬ 
finitions* and brief notes on the more 
important subjects which the student 
may mcnimi/.e verbatim. 

Thus, the reading material available 
to the student neither presents the sub¬ 
ject in a scientific way, nor gives him 
a glimpse of the fascinating ways o! 
plants and animals in their natural 
surroundings. 

laboratory Work 

There is an appalling over-simplifica¬ 
tion of laboratory work, Field work 
and experimentation have no place in it. 
The emphasis on bookish knowledge is 
indeed so great that the students are 
often not acquainted with the beautiful 
fauna and flora of their own locality. In 
most schools the students attend the 
laboratory twice a week for 70-80 
minutes on each turn. They spend 
most of their lime in observing and 
dissecting the various plants and 
animals included in tlie syllabus, in 
making labelled diagrams of the. entire 
oi dissected specimens, in copying 
figures from charts, and in looking 
through the microscope. They also get 
a chance to observe the set-up of a few 
experiments m plant physiology. Since 
the laboratory hour is of short dura* 
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tion, the students rarely have the op- 
poitunity of seeing any experiment to 
its completion. The teacher, who has 
to look after a class of 30-35 students, 
often without a laboratory assistant to 
help him, cannot manage to demons¬ 
trate the experimental results on a 
quantitative basis. 

Thus, there is no scope for the stu¬ 
dent to find out anything for himself 
through experimentation. The student’s 
performance is fudged by the quality 
of diagrams in his practical record 
book. Many ‘good’ note-books contain 
diagrams neatly copied from books and 
charts. 

The laboratory work prescribed by 
most schools runs as follows : 

Botany: Description and dissection of 
the types included in the syllabus for 
written examination. Demonstration 
of experiments in physiology, and 
identification of microscopic slides of 
tissues included in the syllabus for 
written examination, 

Zoology: Dissection and skeleton of 
frog. Identification of animals and 
slides (microscopic) of specimens in¬ 
cluded in the syllabus for written exami¬ 
nation. 

School Teacher 

The Commission on Sccondaiy Edu¬ 
cation in India had laid down that the 
students in the higher sccondaiy schools 
should be taught by post-graduate 
(M.Sc.) trained teachers. However, the 
salaries of teachers arc not adequate to 
give them the dignity and status which 
their work demands. Their chances for 
promotion are too few. Teaching profes¬ 


sion, therefore, attracts the least promis¬ 
ing men and women, and there is an 
acute shortage of really good, trained 
tcacheis. In many schools science 
graduates teach biology for one, two, 
or even all the three years (i.e. classes 
IX, X and XI). Heavy duty (25-35 
periods of 40-45 minutes each, per 
week) and poor remuneration prevent 
the teachers from putting their heart 
into the work, and they are often on the 
look-out for non-teaching, moie pios- 
pcious jobs. 

Even where trained post-graduate 
teachers are employed, the teaching 
remains stereotyped and sometimes 
even unbalanced. The teachers are 
specialized in classical biology—cither 
botany or zoology. Depending upon 
his specialization, he may do full jus¬ 
tice to one branch bul may accord a 
stepmotherly treatment to the other. 
Quite often they influence the future 
choice of subject by the students study¬ 
ing under him. The teacher's'initiative 
is often curbed by the stereotyped cur¬ 
riculum; his teaching becomes dull and 
lifeless due to the pressure of the dead 
weight of examinations which often de¬ 
mand little more than a good memory. 

REFORMS—ACHIEVED AND 
ENVISAGED 

The facts enumerated here tend to 
show, rather dismally, that the refor¬ 
matory task before the Indian biologists 
is not only enormous but also difficult, 
They have to exercise restraint and 
patience in uprooting the evil which Is 
several decades old and which has taken 
the shape of a vicious circle composed 
of several limiting factors. However, 
the brighter and encouraging side of 



34 


SCHOOL SCIENCE MARCH 1967 


the picture is that given proper guid¬ 
ance and facilities, the Indian student 
is prepared to accept the change and 
turns out as meritorious as his coun¬ 
terparts in any part of the world. The 
rock of finance on which excellent 
schemes come to grief is one of the 
major hurdles. But in this respect wo 
have been lucky in getting substantial 
monetary help from some friendly coun¬ 
tries particularly die USA and USSR. 
With this assistance die Government of 
India has taken, during die past five 
years, many bold steps with a view to 
bringing an all round improvement in 
school curricula. Some of these steps 
are outlined below. 

Development of'a New Curriculum and 
Textbook 


eel several ways of approaching the 
subject and discussed their merits and 
demerits. Finally, they decided that, 
in view of the prevailing standard? and 
practices of teaching in Indian schools, 
it would be desirable to adopt, for the 
time being, a modernized traditional 
approach. The member? agreed that a 
wide acquaintance with a number of 
different kinds of organisms, their acti- 
vitics, habits and their tissues and 
organs, is essential and basic to the 
understanding of the general concepts 
of evolution, ecology, heredity, and cell 
physiology. This approach, in theh 
opinion, combines not only the peda¬ 


gogical advantage of proceeding from 
known to the unknown but also pre¬ 



vents students from getting lost in the f 
intricacies of the more advanced aspects 1 


of biology. 


The National Council of Educational 
Research and Training approached one 
of the most eminent biologists, the late 
Professor P. Maheshwari, to set up and 
guide a Biology Panel. The Panel con¬ 
sisted of 16 representatives—professors, 
teachers and research workers from 
several universities and research insti¬ 
tutions. This Panel has drawn up a 
revised curriculum and prepared a new 
‘Textbook of Biology for Higher 
Secondary Schools”. The Chairman 
had maintained a close contact with 
modem developments in biology in 
other countries, and much as he would 
have liked to go hand in hand with die 
practices of the times, he had to restrain 
himself in the design of the curriculum 
and the textbook in view of the prevail¬ 
ing situation. 

The members of the Panel consider- 


Tlicy also decided tlmt evolution be 
treated separately in two chapters, but; 
an attempt be made to acquaint the: 
student with this all pervasive princi¬ 
ple during his study of the world of 
life. Biological phenomena common* 
to plants and animals are to be dis¬ 
cussed together as far as possible, but| 
this should not be carried too far be¬ 
cause there arc several aspects of plants, 
as well as of animals which deserve 
independent treatment. It was decid¬ 
ed that technical terms* be kept down: 
to Hu; minimum except where their use? 
contributes to easier communication J 
and understanding. Important biologi¬ 
cal discoveries are to be dealt with Jtt| 
a historical perspective to give an ides 
of henv science progresses, (' 

The book has been divided InbJj 
seven, more or less independent seep 
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tions. In the fust section the student 
is introduced to the subject matter of 
science, particulaily biology, and the 
characteristics of the living matter. A 
glimpse of the variety of plant and 
animal life prepares the student for a 
more detailed study of these forms m 
the second and third sections The 
fourth section treats the main physiolo¬ 
gical processes in animals and plants 
in a simple way. The fifth is devoted 
to a comparative account of the diff¬ 
erent modes of i e-production in the 
plant and animal kingdom. Heredity, 
evolution and ecology form the sixtli 
section of the book. The epilogue to 
the book coveis topics like human dis¬ 
eases, interdependence of plants and 
animals, and the iole of biology in hu¬ 
man welfare, 

It is encouraging to note that almost 
all the schools undei the Central Board 
of Secondary Education in Delhi and in 
some other states have agreed to give 
the new curriculum and the textbook 
a fair trial. 

It may be pointed out that the late 
chairman (Professor P. Maheshwari) of 
the Biology Panel was not dogmatic 
and did not consider the new syllabus 
the only suitable approach. He was of 
the opinion that several agencies or 
individuals should be entrusted with 
preparing other versions of the subject 
and the schools should be free to choose 
the text best suited to their needs. 

In the meantime, the National Coun¬ 
cil has also reprinted the BSCS Biology 
Textbook—‘An Inquiry into Life,’ at a 


low cost The related books on labora¬ 
tory woik and Teacher's Guide have 
also been made available. Because of 
the different background these books 
have a limited use, and an Indian adap¬ 
tation of tins work would perhaps be of 
immense help to teachers and students. 

Recently, the Diiectorate of Exten¬ 
sion Programmes for Secondary Educa¬ 
tion drafted a syllabus in General 
Science for Classes I to VIII with the 
help of specialists and science teachers 
drawn from various Indian States. Tin's 
syllabus is now being re-examined and 
revised. The introduction of this syl¬ 
labus will improve the primary stage of 
education and will make the introduc¬ 
tion of reforms at the higher secondary 
stage much easier. 

Laboratories and Equipment 

The Government of India has been 
giving assistance to Slate Governments 
for the introduction of elective science 
courses in higher' secondary schools. In 
addition, assistance was also given dur¬ 
ing the first two 5-year Plans for the 
strengthening of science through cons¬ 
truction of Laboratories and purchase 
of apparatus. 

Recently, a panel set up by the Com¬ 
mittee on Plan Projects of the Plann¬ 
ing Commission drew up laboratory 
designs and lists of equipment for 
higher secondary schools. 

In-Service Programmes 

The Directorate of Extension Pro¬ 
grammes for Secondary Education has 
been organising a large number of in- 
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service programmes for the benefit of 
secondary school science teachers, rhe.se 
programmes have dealt with dynamic 
methods of teaching science, preparation 
and use of teaching aids, co-curricular 
activities in science, lesson plans, evalua¬ 
tion, etc, Several Extension Centres also 
organize workshops to acquaint teachers 
with the implications of the revised syl¬ 
labus introduced in their States. These 
m-service programmes have brought a 
keener awareness among science tea¬ 
chers of the new concepts and techni¬ 
ques of science teaching. 

Exchange of Science Teachers 

In 1958, forty teacheis in science, 
selected fiom training colleges and 
secondary schools in the different States, 
were deputed to study modem methods 
of science teaching in the XJK, USA, and 
Canada, under the Government of India 
scheme for the strengthening of science 
teaching in the country. 

On their return to India, the Direc¬ 
torate organised a 5-day seminar in July 
1959 to pool the experiences which they 
gained abroad and to draw up a com¬ 
prehensive programme of science educa¬ 
tion at all levels. The suggestions made 
by the group were considered by the 
All-India Council for Secondary Educa¬ 
tion, and were also incorporated sub¬ 
sequently in die programme of science 
education drawn up for die third Five 
Year Plan, This programme is being 
followed more extensively. 

Television Lessons 

A programme of television lessons on 
physics, chemistry and biology for the 


higher secondary classes has been intro¬ 
duced in Delhi since 1961-02. Each lesson 
lasts for 20 minutes, and is preceded by 
ail introduction by the .subject teacher 
for 10 minutes' and followed by a review 
for another 10 minutes. The scheme 
was started for Class IX and has now 
been extended to Class X. 

Science Clubs 

A piogramme of establishing Science 
Club activities in secondary schools was 
initiated during 1967-68 by the former 
All-India Council for Secondary Educa¬ 
tion, and was continued by the Direc¬ 
torate of Extension Programmes for 
Secondaiy Education and the Depart¬ 
ment of Science Education of the 
NCKRT. At present it covers well 
over 1,114 schools. A non-recurring 
grant of Rs 1,200 lor the pur¬ 
chase of tools and equipment is 
given to each school covered by the 
programme, In addition to these, eight 
basic schools have established Science 
Clubs with a non-recurring grant of Rs 
3,001 for each school. 

The aim of the programme is to 
provide opportunities for experimenta¬ 
tion in science with a view to stimulat¬ 
ing the interest of young pupils study¬ 
ing science, besides encouraging the 
pursuit of science as a hobby. The 
facilities provided by the clubs are 
utilized by the members for individual 
and group projects, and the science 
teachers try to correlate the club activi¬ 
ties with class-room teaching whcrevei 
possible. 


In addition to School Science Clubs 
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60 Cential Science Clubs to serve as 
eneigising centres have been establish¬ 
ed in selected tiaimng colleges vvlieio 
Extension Services Centres are located. 

A non-recurring giant of Rs 2,000 is 
given to each Central Science Club 
towards the purchase of equipment. 

Science Fairs 

Early in its programme of improve¬ 
ment of science teaching, the NCERT 
considered it necessary to intioduce. a 
programme of Science Fans. This 
was to suppoit the programme of 
science clubs and to encourage pupils, 
teacheis and the public to take a deeper 
interest in scientific advances and scien¬ 
tific methods. The All-India Council foi 
Secondary Education, at its second 
meeting held eaily in 1960, recommend¬ 
ed that a progiamme of All-India 
Science Fairs should be organized, pre¬ 
ferably on the first of December each 
year, followed by a Science Week when 
vaiious types of programmes, such as 
science exhibitions, lectures, film shows, 
symposia and similar activities could 
be organised, During the year 1960, 
Madhya Pradesh conducted a State¬ 
wide programme of Science Fails. In 
1961, the 54 Extension Services Cen¬ 
tres were requested to organise Science 
Fairs with the help of their- associated 
schools, and an amount of Rs 500 was 
made available to each centre for this 
purpose. The response was very en¬ 
couraging and a large number of 
schools participated in this programme 
and conducted a variety of activities. 
During the subsequent four years 
Science Fairs were held at 3 levels as 
stated below: 
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National Science Talent Search 

As pait of its comprehensive pio- 
giamme of science education, the 
Government of India have foimulated 
a piogrammc of Science Talent Search 
under which promising science stu¬ 
dents of the final year in the secondary 
schools’ arc selected through suitable 
proccdmcs and given scholarships and 
certificates of merit. The main objec¬ 
tives of the scheme are (a) to identify 
boys and girls who possess a marked 
aptitude for science, (b) to stimulate 
scientific talent by creating a healthy 
competition for recognition of merit, 
(c) to encourage schools to take more 
active interest in the search for scienti¬ 
fic ability, (d) to expose the talented 
students to the challenges in science, 
and (e) to build up a body of future 
scientists who will contribute to the 
scientific advancement both in the ap¬ 
plied and pure science. The scheme 
will also help in bringing about •im¬ 
provement in the methods of teaching 
science in the schools. 

The scheme was started in 1963 and 
is now running its fifth year. Every 
year about 350 talented students are 
selected for the award of scholarship 
on the. basis of (a) An aptitude test, 
(b) An essay competition, (c) A project 
report, and (d) An interview by a com- 
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mittee of specialists. The students are 
required to pursue a couise leading to 
a degree in basic sciences. For the 
first three years of study (for the B.Sc. 
degree) the awardees get Rs 100 p.m. 
as scholarship and a book allowance of 
Rs 100 per annum. Tire scholarship 
is continued beyond the B.Sc. stage if 
the awardee passes his examination in 
tire first division and joins the M.Sc. 
class. After that it may he continued 
for another three or four years during 
his doctorate work in basic science. 
The scholar will be paid Rs 250 
p.m. at this stage and Rs 350 p,m, at 
the Ph.D. stage. In addition, the tui¬ 
tion fees will he reimbursed. The De¬ 
partment of Science Education of the 
NCERT will try to place these 
scholars at the centres of Advanced 
Studies and at such Universities where 
well-known scientists are working. The 
book awards will also continue during 
the M.Sc. and Ph.D. stages at Rs. 250 
and Rs 500 per annum. 

As a follow-up programme the awar¬ 
dees are invited to attend a one month 
Summer School during the B.Sc. and 
M.Sc. stages. At these schools the stu¬ 
dents aie offered an accelerated pro¬ 
gramme of science instruction, so that 
they can acquire enough knowledge 
and motivation to pursue a career of 
research in science, 

Summer Institutes for School Teachers 

This is a programme of in-service 
training of school teachers for a period 
of 4-6 weeks, sponsored jointly by the 
NCERT the University Grants Commis¬ 
sion, and the U.S. AID. These institutes 
are designed to inspire the school tea¬ 


chers to continue learning in their fields 
so that they constantly strive to in- 
crease their understanding and com 
petencc. The teachers attending thes< 
institutes also learn new ways of teach¬ 
ing science, especially such methods as 
would enable the students to learn 
science by discovering truth rather than 
merely studying descriptive science. 
The programme had a small beginning 
in 1963 when only four institutes, one 
in each major science subject, were 
held. The positive impact of these 
institutes greatly encouraged the expan¬ 
sion of this programme, and in 1965 
there were as many as -13 institutes, of 
which 8 were devoted to biology. In 
all 761 biology teachers have been 
benefited by this scheme 

VarUcipalion of VS National Science 

Foundation 

I 

Thu U.S. AID/India recently sought I 
the cooperation of tin- U.S. National ' 
Science Foundation to implement a 
large scale, year-round programme of 
academic support to modernize curri¬ 
cula, laboratories and teaching aids. 
Accoidingly, an Indo-Americau Con¬ 
ference on Scientific and Technical 
Education in India was held in New 
Delhi from May 1 to 5, 1966. It was 
resolved in this conference that tho Gov¬ 
ernment of India and NSF/AII5 will 
co-operate for the next few years in a 
programme of follow-up activities de¬ 
signed to make much more, effective the 
summer institutes now going on in 
India. The follow-up activities include 
preparation of textbooks, teacher 
guides, and curriculum materials; 
strengthening of the libraries; and de¬ 
signing as well as manufacturing of 
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laboratory apparatus, etc A working 
conference held fiom June 20 to 27, 
1966 at Srinagar has worked out the 
details of this programme, and with the 
giant made available by the NSF, this 
scheme would have much impact on the 
improvement of science in India 

CONCLUSION 

Ours is a lace on many fronts. On 
one side we are called upon to catch 
up with the times-to imbibe and assi¬ 
milate the recently accumulated fund 
of knowledge, without wasting any 
time, In other words, we have to pick 
up and reach where other countries 


already aie. On another front, we 
have to fight with the evei-increasing 
demands in teims of trained teachers, 
lahoratones, text books and other tea¬ 
ching aids. Tire expansion is required 
on such a vast scale that most of our 
efforts become greatly diluted, and the 
results therefore appear discomagingly 
disproportionate. To serve our needs 
best, we have to do moie of indigenous 
thinking and effort, and in this we can 
derive much benefit from what other 
countries have done and from the gen¬ 
erous help, both m cash and in per¬ 
sonnel, which many friendly countries 
are so generously offering. 
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ASIAN REGIONAL CONFERENCE ON SCHOOL BIOLOGY 

Manila, December 4-10, 1%6 


RhCOMMliNDAl 1() MS 


I. On the Aims of School Biology 

Teaching in Asia 

1. Develop and instil in students the 
scientific attitude of inquiry and 
experimentation. 

2. Provide sufficient understanding of 
the concepts of biology to enable 
students to become worthy citizens 
of the world. 

3. Provide the opportunities for a 
practical understanding of the me¬ 
thods of the biologists which will 
give them the confidence to attempt 
the solution of problems which they 
have to face in their individual and 
social lives. 

4. Give students the incentive to pur¬ 
sue the study, at the higher levels, 
of biology and related fields. 

5. Encourage respect and feeling for 
living things 

To achieve the foregoing aims, the fol¬ 
lowing criteria for the selection of con¬ 
tent of secondary school biology in Asia 
are recommended: 

1. It must inculcate the idea of science 
as inquiry, 

2. It must consider the pertinent pro¬ 
blems and needs of the community 
and emphasize the study of local 
flora and fauna. 

3. It must be presented in a logical 
and coherent manner based on the 
following themes: 

a. The intellectual history of bio¬ 
logical concepts. 

b. The change of living things 
through time (evolution). 

c. Diversity of type and unity of 
pattern in living things. 


tl. The genetic continuity of life. 

e. Interdependence of organism and 
environment. 

f. Biological root*, of behaviour. 

g. Correlation (complementarity) of 
strueluie and function. 

h Regulation and preservation of 
life in the face of change, 

4. The clash lime allocated to the sub¬ 
ject shall, ideally, he not less than 
180 full hours 

5. The content must correlate biology 
with other school subjects. 

0. Consideration should be given to 
the best information available re¬ 
garding students' learning processes. 

Considering that biology plays an all- 
pervading and vital role in the life of 
every man, it must be taught as a re¬ 
quired subject in all secondary schools. 

Sufficient laboratory facilities for bio¬ 
logy must be made available in all 
secondary schools. 

II. On Teaching Methods and Tea¬ 
cher Training 

A. Teaching Methods 
1, Emphasis should be on practical 
laboratory work and field study in 
order to give the pupil experience 
in scientific inquiry. For proper 
implementation, the following points 
are suggested: 

a. Observations to be made should 
be guided by a list of questions. 

b. In planning practical work, exud¬ 
ing facilities should be taken 
into consideration and improvisa¬ 
tion should be encouraged. 
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(1) When no laboratory facilities 
are available, the following 
may be resorted to¬ 
tal Demonstiations, m which 

students take part in the 
planning. Each step must 
be understood by every¬ 
one, ensuring that each 
demonstration becomes a 
cooperative activity; 

tb) Improvising a mobile 
laboratory table with sup¬ 
plies and equipment or 
unit kits that can be rota¬ 
ted among different 
groups in the class; home 
work may be assigned 

(2) When partial use of the la¬ 
boratory is possible, the above 
practices should be combined 
with use of the laboratory. 

C3l When adequate laboratory 
facilities are available, these 
should be used to the best 
advantage. 

c. Laboratory experiments should 
be planned to fit the level of the 
pupils being taught, 

d. As much as possible, local bio¬ 
logical materials should be 
utilized. 

e. Emphasis should be laid on 
quantitative measurements. Ac¬ 
curate and systematic methods of 
recording and presentation of 
observations should be practised. 

f. Interpretations and conclusions 
should be discussed in the class 
under the guidance of the teacher. 

2. Group discussions and active parti¬ 
cipation by pupils should be en¬ 
couraged to the maximum. Lectur¬ 
ing by the teacher should be mini¬ 
mized. 

3. As much as possible, practical 
applications of biological principles 
should be emphasized. 

4. Teaching aids such as specimens 
(preferably live ones), models, 


charts, films, slides, filmstrips, etc 
should be used to help present the 
lesson more interestingly and 
effectively 

5 Written and practical examinations 
should be designed to provide the 
teacher with relatively accurate 
evaluation of the effectiveness of his 
teaching 

6. Biological gardens and museums are 
useful means for effective instruc¬ 
tion, and should be availed of. 

7. Auxiliary readings to supplement 
the text should be encouraged 

8. Pupils should bo given incentive to 
collect information on topics of bio¬ 
logical interest from sources other 
than books and should be encoui ag¬ 
ed to present this information in the 
classroom. 

0. In case educational television is 
used, theie should be close coordi¬ 
nation between the producers of the 
programme and the teachers using 
TV materials in order to bring 
about maximum effectiveness. 

B. Teacher Training 

The pre-service curriculum in teacher 
training should have the following 
features: 

1. A sound and strong training in 
modern trends and approaches in 
the biological sciences. This should 
be supplemented by adequate back¬ 
ground knowledge in related sub¬ 
jects, including chemistry, physics, 
mathematics, geology, etc. 

2. A basic psychological education, 

3. A training in exercising different 
* teaching methods including field 

techniques, laboratory skills, class¬ 
room management and administra¬ 
tion, and in the use of various teach¬ 
ing aids. 

4. A training in the organization of 
subject matter at different levels of 
complexity. 
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5 Instruction m the proper use of 
audio-visual methods and new 
technical developments in teaching 
aids, 

6 Training on evaluation of the 
achievements of pupils and the 
effectiveness of his own teaching 
and training on evaluation of curri¬ 
cula, books and various instruction¬ 
al materials 

The following should be considered as 
in-service and refresher training couises 

1, Refresher courses which bring 
teachers up to date on the points' 
recommended under the pre-service 
curriculum should be orgamzed It 
is desirable foi a teacher to keep 
himself abreast with modem trends 
in the biological sciences and should 
attend such courses as often as 
possible 

2, Opportunities should be provided 
whereby teachers may acquire 
further experience m research and 
enable them to perform research on 
their own, 

3 Seminars, workshops, conferences, 
etc, may be held whereby ex¬ 
changes of ideas and experiences 
are brought among biology teachers 
in a locality, region, country, and 
different countries 

III. On Evaluation in School Biology 
Teaching 

1. A scheme of work, or curriculum, 
should be evaluated, aims examin¬ 
ed and content analyzed, before be¬ 
ing generally accepted. It should 
be tried out in the classrooms and 
evaluated in terms of feedback from 
teachers and pupils. 

2 Formative evaluation should be 
major consideration In the develop¬ 
ment of curriculum materials, 

3, Evaluation should consider techni¬ 
ques other than written tests and 
examinations, such as, observations 


of .student behaviour, interviews, 
and development of skills through 
performance tests. 

4 Evaluators should be acquainted 
with the objectives of the course, 
which should be explicitly staled so 
that in evaluating materials or stu¬ 
dent achievements, attention is 
directed towards both (he content 
and the processes of science; in the 
construction of tests a tridimension¬ 
al grid can be developed to help 
guide the evaluation 

5. Teacher should be oriented on the 
philosophy of evaluation which will 
consider the broader aspects of 
evaluation, More .specifically, train¬ 
ing should bo provided on test con¬ 
struction, with paiticuku emphasis 
on test items which tend In measure 
not simple iccall, but comprehen¬ 
sion, ability and skill in analysis ol 
data, application, and other process' 
os of science. Such training should 
be provided in both pre-service and 
jn-servlce levels of teacher educa¬ 
tion. 

6 Well-designed test items, developed 
by experts (subject specialists, 
teachers, and psychometneians) 
should be made available to teach¬ 
ers to -serve as models, the teach¬ 
ers should be encouraged to deve¬ 
lop his own battery of tests for his 
particular course. 

7 The foregoing recommendations 
should be made available to all 
those involved in various aspects 
of evaluation, such us, the adminis¬ 
trators of national examinations, 
school administrators, educational 
organizations, and teachers, 

8, A committee or an organization 
should be formed to enable deve¬ 
lopers of curriculum materials to 
meet and exchange information and 
ideas on the improvement of evalu¬ 
ation practices. 
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IV. On the Relation of School Biology 
to Post-School Biology and Every- 
day Life 

1, The content of the couise should be 
comprehensive enough for students 
and should take into account the 
immediate socio-economic environ¬ 
ment. The course should aim at 
developing appreciation of nature 
and at the intellectual, aesthetic and 
utilitarian values of biology 

2 The content should take into ac¬ 
count the main areas of biological 
science as well as the recent advan¬ 
ces m these areas Adequate 
emphasis should be on both the 
content and processes of science. 
The mam themes of the course 
would be biology as an inquiry, and 
the historical development of bio¬ 
logical concepts. These schemes 
should be all pervasive. 

3 Ways and means should be found 
to make the pupils appreciate the 
“nature of biology, its modes of in¬ 
quiry, its major theories and con¬ 
ceptual inventions," through acti¬ 
vity, inquiry and discussion As 
much as possible the facts and pro¬ 
blems immediately connected with 
the country’s welfare be used as 
materials of instruction, 

4. The laboratory should be the focal 
point of all instructional activities 
which must be investigative 

5 The links between pure and applied 
biology are close and lines are not 
easily drawn Applications of bio¬ 
logy help to make biology teaching 


more lively and relevant to everj 
day life, and in a developing coun¬ 
try applied biology is vital and 
should be taken for granted 

V. On the Role of the University anti 
Other Agencies 

It is lecommended that tlieic should 
be effective communication among scien¬ 
tists, science educationists, teachers and 
students m the secondary schools Possi¬ 
ble ways of achieving this communica¬ 
tion are the following 

1. Advising on the development and 
design of biology programmes to be 
taught at secondary levels, This 
may take the form of cumcular re- 
visional adaptations or reorienta¬ 
tions of emphasis so as to meet local 
requirements and conditions. 

2. Stimulating use of effective teaching 
methods, 

3. Coordinating piogrammes for bio¬ 
logy teachers in turning college, 

4 Advising on examinations 

5, Conducting refresher courses, 

6, Supporting researches and awm cling 
scholarships, including the inter¬ 
national exchanges of secondary 
school teachers in order lo enable' 
them to study new developments 
and observe classroom instruction, 

7, Publishing articles on biological re¬ 
searches and experiences of educa¬ 
tionists relating to biological edu¬ 
cation 
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ESTABLISHMENT OF AN ORGANIZATION ON 
SCHOOL BIOLOGY TEACHING IN ASIA 


I, Justification 

The recently concluded conference on 
school biology teaching in Asia has 
strengthened the conviction among the 
many participants of the need for an 
organization that will, among other 
things, permit a continuing exchange of 
ideas, information, and materials relative 
to the improvement of school biology 
teaching m Asia. Such an organization, 
it is felt, would serve as a vehicle for 
following up, implementing recommenda¬ 
tions and stimulating the initiation of 
action programmes among the participat¬ 
ing countries. 

At the last session of the conference, an 
executive committee of five was elected 
to assume the responsibility of setting 
up such a regional organization on school 
biology education. 

The following were elected: 

Chairman: Dr Liceria B. Soriano, Bureau 
of Public Schools, Manila, 
Philippines 

Executive Dr Dolores P, Fernandez, 
Secretary: Science Teaching Centre, 
University of Philippines, 
Quezon City, Philippines. 
Members: Prof, Hilary Crusz, Depart¬ 
ment of Zoology, University 
of Ceylon, Feradeniya, Cey¬ 
lon. 

Prof. B. M. Johri, Depart¬ 
ment of Botany, University 
of Delhi, Delhi, India. 

Dr Kazuhiko Nakuyama, 
Graduate school of Educa¬ 
tion, International Christian 
University, Tokyo, Japan. 


In view of the foregoing consideration*, | r 
ll was decided to submit this proposal’’ 
for assislant'c to establish an Asian Orga- / 
nization on School Biology. t 

* ?, 

A 

II, Objectives > 

1 To establish an organization, a major \ 
function of which would be to fol-1 
low up the recommendations and' 
resolutions of the First Asian Con-; 
ference cm School Biology through 
the paiticipnting countries and those 
which did not participate, 

2. To establish a clearing house for 

information regarding school bio- |-j 
logy programmes horn various coun- T 
tries, fj 

3. To prepare for tluj next conference ( 

on school biology to ho held in 1 
Tokyo, Japan. { 

4. To have an organization which will j 
assist in the exchange of biologyf 
professors among different coun-*, 
tries, particularly the exchange otfj 
experts in biology teacher in-servicej 1 , 
education. 

?'! 

Further comments on statement oil 
objectives: Jj' 

1. Follow-up work would include such 
activities as drawing up a mailing" 
list of Asian biology educators, con-j? 
tucting people in Asian countries \ 
who are in positions to effect ( 
changes in school biology teaching,!/ 
preparing and securing suggestionf<: 
from biologists and educators on,'' 
possible topics for discussion andpj 
study at the next biennial confer¬ 
ence, setting up a secretariat for this 
organization, plans for holdlnjp 
periodic (biennial) conferences, ft 
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2, The clearing house should not just 
be a data centre but, hopefully, it 

should be an active centre for new 
thinking in the .area of school bio¬ 
logy. A newsletter published by 

this clearing house would keep the 
member countries informed of 

developments in the different 
countries. 

3 It is expected that five members 
of the Executive Committee (or 
their representatives) will meet in 
Tokyo, Japan, in December, 1967 to 
plan the next biennial conference. 
At this planning conference, a tenta¬ 
tive programme for Tokyo confer¬ 
ence and details pertaining to it 
will be discussed, It should also 
be possible at this planning confer¬ 
ence for the Executive Committee 
to discuss matters pertaining to 
objective 1 and 2, 

4. The organization should consider 
means of bringing biology teachers 
from other countries to assist in 
running institute piogranunes for 
biology teachers, From such ex¬ 
changes, publications on teacher 
education materials suitable for 


Asian countries may result 

III, Plan of Operation 

1 The temporary location of the orga¬ 
nization will be 1 

Science Teaching Center 
University of Philippines 
Diliman, Quezon City 

2 Each member of the Executive 
Committee will receive u copy of 
each official letter or communication 
of the organization so that each is 
continually informed of details of 
operation and other matters pertain¬ 
ing to the organization. 

3, The Executive Committee will select 
a name for the organization and 
draft a constitution, which will then 
be submitted to the other members 
(participants at the conference) for 
approval, 

4, As soon as the secretariat has been 
set up in the Bureau of Public 
Schools or the Science Teaching 
Centre, the Philippine members of 
the Executive Committee will take 
the initial steps to implement the 
objectives of this proposal, 



Where is Science Heading ? 

An Interview with Robert Oppenhcimer 


Over die last fifty yeais, the sum total 
of our knowledge has been profoundly 
transformed by the lightning progress 
of science. We would like to know 
which recent discoveries , in your 
opinion , have irrevocably transformed 
our vision of the universe or answered 
any major questions about it. 

No definite cosmological answer has 
yet been supplied. There are those 
who maintain that the world had no 
beginning, but their arguments are 
quite weak. At any rate, the present 
state of knowledge is still compatible 
with the views of people who, like my¬ 
self, believe the universe to bo an his¬ 
torical phenomenon. It is no, accident 
that Heraclitus and Parmenides arc 
both represented in our present-day 
cosmogony. I think there may have 
been an evolution that began about 
twenty thousand million years ago—per¬ 
haps earlier. In any case, there is no 
earlier evidence. Tire human experi¬ 
ment seems to be finite in time, and 
what we are unable to discover docs not 
belong to science. 

What is not very clear either is whe¬ 
ther the universe is open or closed, 
The natural interpretation is that of a 
closed universe, But if you go far 
enough you cannot return. Today we 
are discovering new galaxies, We can 
see further. Thanks to radio-astronomy 
we can see much further still. The 
speed at which the galaxies move away 
from us is greater and greater. If it 


approaches the speed of light then we S„' 
do not see them .rt all, their .signals do | 
not reach us. Then how can wo, know p 
whether the universe is finite or infinite? \ 
AIL science must bring man hack to 
humility. Wo art: always finding limits jv 
to our knowledge, and man’s imagfoa. p 
Hon has proved limited compared to Ij 
nature itself. 'f 

y! 

Anti June do you see the beginning and 
the end of the earth ? r, 

ft 

The question of the earth's formation ; 
is still open. Future research, parti- [ 
cularly space studies, will touch ns a lot, 
The most currently accepted calculation t| 
today dates the appearance of the earth | 
four thousand million years ago. We T 
probably owe its formation to the con-| 
densatinn of dust left over from the for.I; 
motion of the sun like Saturn's rings. 
But we are not sure. As for the end ol| 
the earth, we still do not know enough 
alxmt the evolution of the sun to pre¬ 
dict what will happen. Sources ol| 
energy are finite, so the sun cannot last 
for ever. It will cool without a doubt: 
Then the earth wall spiral around until 
it touches the cold, dead dun. It rnfgWF 
also explode, but I should not think thill, 
is likely. When will the end of thtr 
earth bo? Not for another ten thoti-iV 
sand million or twenty thousand mlllfoi# 
years. 

ft 

Itoxo did life appear on earth? 'U 

$ 

By change, I think, during a pha®;| 
when the atmosphere was chemically 


Reprinted from science today A Progress Report in Reality No. 154 September 1963, 
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unstable. What I want to know is how 
oiganic molecules were formed. This 
could have happened by chance as well. 
But, even though by chance, it could 
still have had a purpose. For, while the 
adaptation and evolution of living mat¬ 
ter 1 can bo explained by a change in 
molecules, this does not prevent evolu¬ 
tion fiom leading to greater and greater 
complexity. In this respect, but in this 
respect only, I think along the same 
lines as Teilhard de Chardin. Chance 
and mechanics are closely interwoven. 
It is inevitable. 

For the sake of clarity I would like to 
mention lieie and now an idea that I 
put great stock in. It happens to be 
part of the newly-acquired knowledge 
you spoke about earlier, and which 
sheds such a decisive light upon our 
understanding of the world. Tills is the 
law of complementarity. When my 
friend Niels Bohr, the great Danish phy¬ 
sicist, was studying the quantum theory 
thirty years ago, ho discovered one le- 
markable feature: in atomic physics, 
there comes a time when it is impossible 
to study all characteristics at once; you 
must choose some, and tliis implies neg¬ 
lecting the others. For example, each 
of the electron’s two states —the wavo 
and the corpuscle—can only be deter¬ 
mined separately. Determination of 
the ono means losing knowledge of the 
other. And yet both correspond to the 
same reality. The observer must there¬ 
fore make a choice, and imperative 
separation. 

Bohr said that atomic physics, which 
dominates all physical phenomena on 
the molecular scale, provides an exact 
image of the human condition, in which 


theio are mutually exclusive ways of 
using woids, and even our minds or 
souls. These ways can he independent¬ 
ly chosen hut not combined 

Do you think that life exists elsewhere 
than on earthP 

Tiobahly. This depends on how you 
define life, but I believe you will find 
functions, piopagation, mutation and 
stability everywhere in the univeise. 
But you won’t find any of these to¬ 
morrow. On the moon? That would 
surprise me. There is no oiganic mat- 
ter on the moon to create life. There 
is no water. It’s difficult to have life 
without water. As for Mars and Venus, 
I am not sure. I doubt it, hut then 
I am no expert, The planets of olliei 
suns? It will take a thousand years to 
reach any of them, so how can we meet? 
If wo extend the human life span, we 
can, of course, hut then we will no 
longer he men. This is sheer specula¬ 
tion. It is interesting, I admit, hut I 
certainly do not expect an answer dur¬ 
ing my lifetime. 

Some of Americas best-knoum scientists 
have said that before veitj long 
science will be in a position to su]rpltj 
a mechanical explanation for all phe¬ 
nomena. What ctb you think of this 
assertion P 

First of all, I do not think there is 
anything in nature that cannot he ex 
plained. Look at a wavo breaking in 
the Atlantic. It has a shape, a position, 
and a time; it can be explained. But 
I can’t explain it, and man will never 
explain it. Why? Because to do so he 
would have to explain every wave in 
the sea. Human knowledge is finite, 



48 


SCHOOL SCITNCK MARCH 1987 


and so is human experience. Tins is 
not a pessimistic view; it simply cotrcs- 
ponds to our world, 

Obviously, the nature of the world 
will be understood in its structure some 
day. Then you will be able to explain 
anything—but not everything. When 
you try to explain everything, you run 
into an internal contradiction. Before 
you can understand, you have to simpli¬ 
fy, and the moment you simplify you 
are no longer true to life. Certain ob¬ 
servations must be excluded by the 
simple fact that one is observing. At 
this moment we are speaking together. 
You are listening to me attentively. 
There is noise all around us; and yet 
you do not hear it. The idea that 
scientists might have an answer to 
everything some day is not only false, 
but is even repulsive to me. 

Then you minimize the decisive part 
played by scientists, in our world ? 

Because of scientists, our present no 
longer resembles our recent past, and 
our future is an unknown quantity. 
Our eia is the era of science, but yovi 
must not forget that science has two 
aspects. One is the search for truth 
We try to reach a better understanding 
of nature and of "ourselves as part of 
nature. Tire other, the source of 
technology seeks to change the world 
and to satisfy our needs, Wiry shouldn't 
we feel disturbed? Even in pure 
science a discovery is a source of 
anxiety. Niels Bohr said one day: *1 
never get an idea without wanting to 
commit suicide at the same time. 

You are not a follower of the parapsy- 
chological sciences ? 


V 

No. But why use this term? Th«e> 
is no contradiction between the natural', 
sciences- and certain psychological ph e \, 
nomcna that are neither sufRcientirl 
studied nor understood. I low, for eri 
ample, tan yon explain coimnunicatiotj 
hitmen men without words or other jrr 
cognized signals? I know a lot about*, 
my friends' that they couldn't tell mc : ' 
How have I learned it? We, know I 
great deal at xml other peuple-tlieir ini 
trillions and their einotioiis-withouE 
knowing how we know all this, 
great actor knows how to tell othwf 
what lie feels, but lie can’t explain it?' 
A great part of one’s life consists c? 
love, and even tiling thill is emotion^; 
has as yet been very scantily explore^ 
The keys exist, and they are many, bi| 
we arc not aware of them. Wo shaft 
not find these keys by using medium*! 
1 do not believe that we can enter ink, 
contact with the spirits of the dead, j 

tf 

* 

Hasn’t our conception of time chanfd 

during the last fifty years? 1 

Certainly. Take the notion of lntj 
vcisibilitv. For a long time man Is 
tried to explain (and today he lias pa? 
ly succeeded) how the irreversibility cf 
human experience can bo cnmpatiB; 
with the- reversibility of tho laws o* 
mechanics. The irreversibility of df| 
eovorios, in effect, makes science cun® 
lulive. We should be .suspicious of I 
political proposals based on the hopt 
tlmt man wilt forget what he once kite 
and knew how to do. For exiimp!' 
many scientists think we could rid 4; 
world of atomic weapons. But ft wot! 
no longer bo possible to recreate ffc 
world as wo know it twenty years 
Men know how to make these weapofi: 
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and the knowledge will never be forgot¬ 
ten You cannot re-create past illusions. 

The same holds true for man's place 
in the universe. It is not all that long 
ago that it was possible to believe that 
man was the centre of the world, that he. 
had a privileged place in the universe, 
Today we know the position of the 
earth in the solar system We know 
that hundieds of thousands of millions 
of galaxies exist beyond the range of the 
most powerful telescopes. Man’s dig¬ 
nity and lesponsibility can never again 
be based upon a microcosmic notion of 
bis condition. 

But while cosmological concepts have 
been greatly enlarged, men now realize 
that, as far as they are concerned, their 
condition will not change for a long 
tunc During a human life span, trans¬ 
formations are much more rapid than 
in the past. Conditions around us 
change constantly, but man remains the 
same. „ 

Docs he really remain the same? Don’t 

you think that man is perfectible P 

Certainly, as far as knowledge is con¬ 
cerned, and also as far as power is con¬ 
cerned. He is capable of doing more 
and more things. But moral progress? 
This does not seem to me to be the case at 
all. In science the only direction is for¬ 
ward. You always learn more, even when 
you learn you have made a mistake. But 
if you tiy to apply this example to man's 
condition, if you claim, for example, 
that the great progress made in elec¬ 
tronics should be accompanied by moral 
progress, then you are confusing two 
different types of phenomena. The re¬ 
gression of science is absolutely incom¬ 


patible with its continued pursuit. 
Moral regression, however, is always 
possible. The man of tomorrow may 
know more and do more, but will he 
be better? I hope so, hut I leally 
haven’t too much faith. 

You have no faith in the possibility of 
genetic changes to improve the 
human race? You don't believe in 
eugenics P 

Do you mean the creation of a 
superman? That is of no interest to mo. 

I am interested in man as he is. Once 
we are certain of the consequences, there 
will obviously be voluntary eugenics 
hut my main hope is that it would not 
Ire under governmental jurisdiction. 
Eugenics as an official doctrine would 
he horrible. Besides, I have no use for 
those eugenists who tell other people 
not to have children. They always hap¬ 
pen to he the fathers of big families. 

Do you think the world is heading lo- 
wards government by scientists? 

No. I certainly hope not. But I also 
hope that men in power will acquire an 
understanding of scientific discoveries, 
technological opportunities and the 
spirit of science—like that great patriot 
and universal man Thomas Jefferson, I 
know this is asking a great deal of a 
politician. The most important part of 
present-day knowledge did not exist 
when he was in school. For a man of 
fifty, almost everything he should know 
has been discovered since the end of his 
education. Do you know that, when 
one counts all the men who have 
brought new contributions to science 
and technology since the beginning of 
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history, ninety per cent of them aie still 
alive? 

What do you feel a statesman should 
know about science? 

He should know how to learn. lie 
should take the trouble to find out in 
what fields scientists are working. 
That may not bo easy, but it is vital for 
a man in politics to know the nature of 
science’s certainties and uncertainties. 

A few years ago you described the 
Russo-American deadlock as two in¬ 
sects shut up inside a tube and oblig¬ 
ed either to Mm together, or to destroy 
each other. Don’t you think it possi¬ 
ble that one of the two adversaries 
might fincl a way out? 

Of course, a lead caused by sudden 
technological progress is always possi¬ 
ble. but only for a short time. I do not 
see it as an offensive weapon. Some 
people imagine, for example, that a gas 
might be used to plunge an entue coun¬ 
try into a state of lethargy and hypnosis 
for two weeks, thereby annihilating its 
resistance. Such a method does not 
seem to me to be technically feasible. 
On the other hand, certain defensive 
methods may be devised. I do not e\-- 
pect much in this respect, either. 

I believe that if there is a way out, 
it will come from politics and not 
science. For example, look how the 
people of Latin America have acquired 
the habit of not fighting wars, Upon 


a habit of this nature could be found¬ 
ed political institutions with the task of 
maintaining peace, not only among the 
weak but also among the strong. Then 
the, piohlem would be not to make 
peace but to lecogni/e it as a peimaneut 
state. Of com so there is a gie.it danger 
in modifying political institutions' in this 
diicclion- we would base to make suffi¬ 
cient allowances for freedom, im cliff- 
ercnces, for opportunities for historical 
transformations, and for the possibilities 
of progress. Ihit disarmament cannot he 
the first step. The first step will he 
the recognition of this fact; the absence 
of woild war, 

Can science help found a universal 

morality P 

This is pmnatme talk. I believe that 
morals and tiadilions will never he uni¬ 
versal. But what I have just said—the 
1 ('cognition of the impossibility of 
fighting a world war--could become the 
central part of a universal moiality. And 
why shouldn't (Jlmslian sensibility, that 
piccious part of human sensibility, lead 
to something universal? If so many 
statesmen m China, Japan, India and 
Africa have been converted to Christiani¬ 
ty, it is because they found in it the 
meaning of good and evil, tlm meaning 
of love and the meaning of charity. I 
believe that the stiength and the sound¬ 
ness of Cluislian sensibility have cl tang¬ 
ed the world at least as much as 
technological development, 



Aiound the Research I.ahoratoi ics in India 
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National Dairy Research Institute—Karnal 


T HE National Dairy Research 
Institute at Kamal in tlia Punjab 
is a leading mitre of dairy training, 
research and extension in the ecmnliy. 
Established at Bangalore in 1923 this 
Institute has developed from the old 
Imperial Institute ol Animal Husban¬ 
dly and Dairying (later designated as 
Indian Daily Research Institute) to its 
piesent form of a national organiza¬ 
tion, 

ic 


Early Activities 

In the eaily stages the activities of 
the Institute were mostly confined to 
(i) organization of daily tiaming cour¬ 
ses to piovidc daily technicians and 
husbandiymen foi the Industry (n) 
cross-bleeding experiments with im¬ 
ported Ay 1 shire and Holstein breeds 
for increasing the milk pioducing capa¬ 
city of local cattle and (iii) invesliga- 
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National Dairy Research Institute — Karnal 


Origin and Growth 

The Imperial Institute of Animal 
Husbandly and Dairying was started 
on the premises of the old Military 
Dairy Farm at Bangalore in 1923. The 
Military Dairy Farm at Wellington 
(Nilgiris) and Karnal (Punjab) and the 
Government Creamery at Anand 
(Gujarat) were later on attached to the 
Bangalore Institute to serve as sub¬ 
stations. 

Printed with the kind permission of the 


tion on the feeding and management 
of dairy cattle. 

Dairy Training 

A two years’ Indian dairy diploma 
course was started in 1923 at Banga¬ 
lore. This course was also instituted 
at the Allahabad Agriculture Institute 
in the same year. In 1923 a fifteen- 
month post-graduate course leading to 
Assoeiateship of the Institute and short- 

Director. 
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term practical training courses m 
modern Dairy Fanning and Techno¬ 
logy were also staited at Bangalore. 

Ra-organizalion of the Institute 

The Government of India decided to 
establish the National Daily Research 
Institute, Kainal (Pb.) on the premises 
of the Cattle Bieeding-cum-Dairy Farm. 
The farm had an extensive cultivable 
area of about 2000 acres, and was 
stocked with pedigree herds of Sahi- 
wal, Tliarparkai and Red Sindhi cattle. 
As a consequence, in August 1955, the 
existing farm at Karnal was merged 
with the new National Dairy Research 
Institute while the Indian Dany Re¬ 
search Institute at Bangalore was 
conveited into the Southern Regional 
Station of the main Institute. 

Fully developed, the National Daily 
Research Institute will consist of the 
main Institute at Karnal, and three re¬ 
gional stations. The Karnal Institute 
will have seven Research Divisions in 
the subject of Dairy Husbandry, Tech¬ 
nology, Bacteriology, Chemistry, Engi¬ 
neering and Extension and a Division 
of Dairy Education and Training (with 
an attached Dairy Science College) a 
Section of Economics and Statistics and 
a Library and Museum. As regaids 
the regional centres the Bangalore Ins¬ 
titute is already functioning as the 
Southern Regional Station and is being 
provided with additional facilities. The 
Western Regional Station was estab¬ 
lished at the Aarey Milk Colony, Bom¬ 
bay in 1902 while steps have been ini¬ 
tiated for the establishment of the 
Eastern Regional Station at Harin- 
ghatta, West Bengal. 


Achievements 

In the shoit span of eight \eats, since 
its foundation in 1955, the Institute has 
made good piogics.s Buildings lor the 
Daiiy Engineering Division, Experi- 
mcntal Dairy, Dairy Science College, 
Administrative Block, Students Hostel, 
New Rest House and a number of re¬ 
sidential quarters have been com¬ 
pleted. 

Roads have been built and a water 
supply tank and a sewage disposal 
plant have been installed. Modern 
equipment lor milk processing and ina- 
nufactuie of milk products, equipment 
tor mcchani/jng farm operations' and 
major items of laboratory equipment 
have been obtained. A library has 
been set up and equipped with a large 
number of reference books, back num¬ 
bers of journals and important current 
periodicals pertaining to dairy science 
and allied subjects. 

The following is a brief account of 
the activities in diffeient fields: 

Farm 

The progmmme of cultivation of fod¬ 
der includes the cultivation of jowar, 
maize and cowpeas during kliarif and 
berseem, gram and oats in the rabi 
season on a farm area about 750 acres 
in each growing season. Lucerne is 
extensively grown as perennial crop. 
The institute depends only on home 
grown fodder for feeding the dairy 
herd. About one third of concentiate- 
feed requirements is also met from 
home production. 


A new fodder crop, Hybrid Napier 
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Luxuriant hybrid Napier Crop 


EB4, (called gajraj in Hindi) has been 
successfully grown at the Institute. A 
cross between the native bujra and 
elephant 01 napier grass this hybrid 
vaiiety gives yields as high as 150 tons 
pei acie per annum and is also very 
nutritious. It grows to a height of 
about 6-10 feet and pioduces profuse 
foliage. Root slips are used for pro¬ 
pagating the grass in lines. The crop 
can grow well in any kind of soil, ex¬ 
cept clay and water-logged soils. It 
can be grown in dry and wet regions 
but cannot withstand high altitudes 
and frost conditions. Heavy fertilization 
with organic and inorganic manure, and 
frequent irrigation are necessary to get 
best results. 

Sowing should be done either imme¬ 
diately after winter or during the mon¬ 
soon season. 


The crop is ready for fiist cutting 
two to tlnee months aftei planting. 
About 5 to 6 cuttings may be obtained 
m a year. It should be fed gieen to 
cattle. If allowed to mature, it be¬ 
comes less palatable. Surplus fodder 
can be conserved in the form of silage. 

Daily Herd 

The farm maintains about 1000 pedi- 
gieed animals of Tharparkar, Red Sin- 
dhi and Saluwal cattle and Muirah 
buffaloes and each yeai about 150 high 
grade bull calves are distributed to 
diffeicnt states for grading up work. 
The milking held consists of about 200 
cattle and buffaloes with an average 
production of 1800-2000 litres of milk 
a day. The average milk yield per lac¬ 
tation of 305 days for Red Sinclhi and 
Saliiwal and Tharparkar cows is 3,870 
and 5,500 litres respectively. Out¬ 
standing Tbaiparkur and Saliiwal cows 
have given milk ranging from 4000- 
5000 litres in a lactation. 

Economy in Milk Production Costs 

The cost of milk production influen¬ 
ces to a huge extent the consumer 
puce. The cost of milk production in 
urban and rural areas would natuially 
be different from what it would be 
on oiganizcd dairy farms. 

Cost-studies in milk production con¬ 
ducted at the Institute liavo indicated 
that the feed costs which were the 
highest, can be lowered by replacing 
costly concentrates by green fodder 
and legumes. For instance, a lation of 
20 Kg. of green oats plus 20 Kg. of 
green berseem supplies nutrients for 
maintenance, as well as the first 4 Kg. 
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Institute herd 


o£ milk. For higher yields, concentra¬ 
tes may be fed at the rate of 1 Kg. 
for every 2 Kg. of milk. 

Factors such as days in milk, diy 
days and total milk production also 
have a large influence on production 
costs. 

Depreciation charges can be kept 
low by minimizing replacement in the 
heid and finding out ways and means of 
loweiing the cost of laising calves. 

Labour cost distubuted over a larger 
total production of milk would natu¬ 
rally have a salutary effect in reducing 
cost of production. 

Economy in Calf-raising Costs 

Raising calves in a daily herd is ex¬ 
pensive. But, it is necessary for 
scientific cattle husbandly. Calf-iaising 
costs affect the cost of milk produced 
by cows, because calves need milk and 
they have also to be retained in the 
heid to replace older animals, For this 
reason, the female animals aie neg¬ 
lected by the fanners. The cost of 
raising calves has, therefore, to be 
reduced so that die farmer can afford 
to maintain diem. 


Feeding is the most costly item in 
calf-iaising. Studies conducted at this 
Institute have shown that there arc 
three ways to i educe the cost of feed¬ 
ing (i) substitution of milk laliou by 
suitable, calf stuvteis (ii) lowering the 
protein of the feed ration and (lii) re¬ 
ducing the age at first calving, 

While lose arch for suitable milk 
substitutes has yet to begin, work has 
been done on the other two aspects. 

The insults indicated that young 
growing calves can be maintained in 
good condition without any advcise 
effects on growth and maturity by 
feeding 2.5% less protein. This will 
lead to substantial economy in feeding 
cost. 

The recent introduction of progeny 
testing programme, systematic; breed¬ 
ing and belter manageiial piactices 
during the last five years or so lias had 
the desired effect of lowering the age 
at first calving. 

Distinguishing Cows’ and Buffaloes 
Milk 

Milk is marketed in India as buf¬ 
falo milk and mixed milk of cow and 
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buffalo. It is a. very common prac¬ 
tice to adulterate cow milk with water¬ 
ed buffalo milk. Many of the nnlk 
supply schemes- ai e now faced with 
this problem. 

This Institute has succeeded in evolv¬ 
ing a reliable, sensitive and acciuate 
method for distinguishing between cow 
and buffalo milk. The newly develop¬ 
ed test is named llama Milk Test. 

Hansa Milk Test 

The common method of diagnosing 


diseases is to examine blood samples 
foi their serological reaction. Anti¬ 
sera are prepared which contain anti¬ 
bodies, These antibodies aie pro¬ 
duced in experimental animals when 
foreign in olein are introduced into 
then blood. The anti-sera are collec¬ 
ted from the animals and non-specific 
antibodies removed. The remaining 
anti-sera forms the anti-semm foi the 
specific protein. The anti-scrum is 
then added to the blood samples and 
tho disease can he diagnosed. 
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The Ilansa Test is based on the above 
principle. Skim milk is injected into 
labbits and the antibodies produced 
aie collected and purified to make the 
specific anti-serum. When this anti¬ 
serum is added to the buffalo milk, it 
flocculates or gioups together into 
huge sized pai tides which can be seen 
easily. 

A kit box containing the equipment 
to perform the test m the field has 
been designed. Details regaiding its 
supply may be had fiom Dairy Exten¬ 
sion Division of the Institute at Kainal, 

Dain/ 

The new experimental dairy is de¬ 
signed to handle 8,000 litres of milk 
daily and has modern equipment for 
processing milk and manufacture of 



Preparation of cheese in village 





Milk processing 


butter, ice-cream, cheese, hutteroil, 
ghee, milk powder, and condensed' 
milk on a semi-commercial scale. It 
piovidcs facilities for the training of 
the students in market-milk processing 
and dairy plant operations. 

Research on various technological 
aspects connected with the collection, 
transport, processing, packing and dis¬ 
tribution of milk and milk products 
and economic utilization of by-products 
are conducted. 

Cheddar Cheese 

Suiplus skim milk can be economi¬ 
cally converted into cottage cheese. 
With this object in view various stages 
in cottage cheese manufacture have 
been studied and standard procedures 
have been devised. 
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In western countries chcddar cheese 
is made fiom cow’s milk. Conditions 
for pioductioii and ripening of clieddar 
cheese have been standardized theie. 
Buffalo milk difleis from cow milk in 
chemical composition, buffenng power 
etc., and therefore variations in manu- 
[actunng stages are expected. 



Preparing Cheddar cheese 


Butter Colour 

The nse of colour in butter making 
is necessary for consumer appeal. The 
colouring material for tin's purpose is 
derived from the pigments found in 
the seed skin of the analto plant. In 
India, the need for colour is greater 
than in most other countries, since 
most butter manufacturers use the 
white cream of buffalo milk here. At 
present the butter colour is imported. 
A suitable piocedurc for extraction of 
a colouring material for butter has also 
been developed. 


Brisk Milk Fat Test 

A simple test for determining fat in 
milk and milk pioducts has been deve¬ 
loped at the National Daily Research 
Institute, Knuud. This test, named 
Brisk '1'est uses a reagent made from 
common labnuitoiy chemieals’-allcalis, 

1 mirering agents and mixtuics of alco¬ 
hols. The test lias been found to be 
vny accurate and can be used like a 
Gerber Test m daily plants and milk 
collecting centres. The test is paiti- 
culaily useful for finding out fat con¬ 
tent in sweetened milk products like- 
ice-crcam, chocolate milk, and con¬ 
densed milk because the chairing or 
decomposition of milk sugar by sul¬ 
phuric acid does not occm m this case. 

Starter Culture. 

The iiuuiuhicliue. of quality milk pro¬ 
ducts like cheese, butter and dalii re¬ 
quires the use, of good quality starter 
cultures. Studies were undertaken to 
(a) detounine the. production of flavoui 
compounds and (b) compare the 
growth rates of starter organism in 
cows and buffaloes milk and (c) find 
out the suitability of cows’ and buffa¬ 
loes’ milk for starter activity tests. It 
was infeired that the total acidity pro¬ 
duced by starter activity in buffalo 
milk is more than that produced in 
emv or re-constituted milk. 

Bacterial Rennet 

In India, there is a sentimental ob¬ 
jection to the consumption of cheese 
manufactured from animal rennet. As 
the product is highly nutritive and 
there is also a demand for it in the 
country, studies have been undertaken 
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to find out suitable substitute for ani¬ 
mal rennet. An enzyme extract from 
bactenal souice capable of coagulating 
milk and yielding good quality cheese 
was obtained. It can be isolated as 
liquid or powder. 

The post-graduate wing of Dairy 
Science College was instituted in 1961 
and the M.Sc (Dairying course offering 
specialization) in the fields of Dairy 
Husbandry, Technology, Chemistry 
and Bacteriology was started. The 
B Sc. (Dairying) course was bifurcated 
into two courses, one m Dairy Techno¬ 
logy and die odier m Dairy Husban¬ 
dry to afford specialization in these 
areas. 

In addition to die regular training 
programme of the institute, special 
tutorial workshops, attended by Dairy 
teachers from the different dairy train¬ 
ing centres of the country weie orga¬ 
nized during 1961 and 1962 in collabo¬ 
ration with the FAO and UNICEF. 
The object of this workshop, the first 
of its kind to be organized in the 
country was to enable teachers deve¬ 
lop the faculty of objective thinking, 
and to leceive training in how to teach 
dairy students at the diploma level. 
Intensified theoretical and practical 
training in different aspects of dairy¬ 
ing science as well as in the principles 
and methods of teaching was given 
in these workshops. 

Specialized training courses in Dairy 
Extension (three months) and Dairy 
Engineering (10 months) were organiz¬ 
ed from November 1962 for partici¬ 
pants from State Governments as well 
as private candidates. The Board of 


Dairy Education constituted by the 
Government of India for supervising 
tlie Dairy training programme in the 
country and co-ordinating the training 
activities of different tiaining centies, 
continued to function effectively. 

Extension 

A nucleus extension unit was estab¬ 
lished at the Institute late in 1962. 
The programme of this unit includes 
the introduction of cooperative milk 
pioduction in villages and its collec¬ 
tion at village centres. It also includes 
demonstrations for fodder production 
and silage making in the extension 
villages rising audio-visual aids In 
support of field work involving also 
visits of technical experts to daily 
plants, publicity material in the form 
of pamphlets, a monthly magazine en¬ 
titled ‘Dairy Extension’, radio broad¬ 
casts, simple liand-ouls, and oilier 
audio-visual material was prepared 
and used. In the field of extension 
research, evaluation of research work 
through pilot studies on Hansa Milk 
Test, the Brisk Milk Test and Hybrid 
Napier Cultivation was initiated. A 
special field project on sanitizing mix¬ 
ture for cleaning milk utensils in vil¬ 
lages was begun. Field testing kits 
for Hansa Milk Test and the Brisk Test 
weie developed and fabricated for sup¬ 
ply to several interested parlies in the 
country. 

Southern Regional Station, Bangalore 

With the establishment of the 
National Dairy Research Institute at 
Kamal, the Indian Dairy Research In¬ 
stitute at Bangalore, which has been 
functioning as the national centre for 
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the dairy research and education in a 
small way for past 25 to 30 years, 
began to operate as the Southern Re¬ 
gional Station of the National Dairy 
Research Institute. This station is de¬ 
voting itself chiefly to research on 
cross-biceding of cattle with reference 
to improving milk production and on 
problems having a special bearing on 
dairy development in South India. It 
continues as a centre for artificial in¬ 
semination work in connection with the 
key village scheme of cattle develop¬ 
ment. It also functions ns a central 
seed bull Depot for the collection, and 
distiibulion of semen from Jersey, Hol¬ 
stein and Russian (Kosliomakaya) bulls 
maintained on the farm and other ap- 
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Interviewing a farmer 


proved Zebu sires for improvement of 
cattle by artificial insemination in other 
parts of the country. The Southern 
Regional Animal Nutrition Centre and 
Central Artificial Insemination Station 
of die Indian Council of Agricultural 


Research are also located at this station 
for dealing with problems of cattle im- 
pi ovement 

The Institute offers tince lypes of 
instructional couises namely: 

1. The Indian Dairying Diploma in 
Dairy Technology and Dairy Husban¬ 
dly (two years). 

2. Short course in Dairying (two 
months) and 

3. Tiaining of Honorary Research 
workers m research methods of Dairy 
Science and in post-graduate research 
woik leading to M.Sc. and Ph.D. 
degrees of universities. 

Resides impioving milk production, 
some other current problems of re¬ 
search are, (i) processing and prolong¬ 
ing the storage quality of milk and milk 
products (ii) detection of adulteration 
of milk, butter and ghee (iii) devising 
quick tests for assessing the quality of 
milk and (iv) production of bacterial 
rennet for cheese making. 

Western Regional Station, Aaratj, 

Bombay 

The Western Regional Station of the 
Institute, was established at Aarey Milk 
Colony, Bombay and an officer in 
charge was appointed. A nucleus 
herd of Sindhi Cattle was located and 
research projects were formulated. 

Similarly the Eastern Regional Sta¬ 
tion of the National Dairy Resctuch 
Institute has been established in Feb¬ 
ruary 1904 at Calcutta with headquar¬ 
ters at Central Dairy, Belgachia, Cal¬ 
cutta, 

The programme of these stations, 
envisages the development of facilities 
for research of immediate and applied 
importance. 



Classroom Experiments 


Some Activities from 

Science-Teacher s Handbook, Classes I-V 


r PHE following activities have been taken ft am New Delhi The activities arc funil class V 
1 the book Science foi Pi final y Schools, A material Jot llw Unit I, te. Air II'tiler and 
Teachei’s Handbook to be published by National Weather 

Council of Educational Reseat ch anil Training, - Lthtm 

Investigation : How Do We Know If Tiiebe Is Am In a Balloon? 


I. Ah is Used to Inflate Things 

Childien and adults alike know that 
they often inflate things—'blow them up’ 
with aii'. When they see a tyre or a 
football or a balloon, or even a paper 
bag inflated, they aie seeing the result 
of air pressure inside the inflated object. 
The object feels hard—it resists being 
compzessed or dented—because of the 
air piessure inside it. Students at this 
level aie well awaie that air is a mat¬ 
erial substance Now they can see that 
tliis material substance exerts pressure, 
Tins is the understanding which under¬ 
lies this major concept—not merely that 
objects can be inflated, but rather that 
air can exeit pressure—sometimes a very 
great piessiue 

1(a). Air can be Blown into a Balloon 
or Air Mattress 

Students m class V should have 
a chance to handle air as a mat¬ 


erial substance. They need first-hand 
experiences through which they become 
increasingly familiar with air and air 
pressure. One group of such experi¬ 
ences involves inflating objects with air 
under low prcssuie. Often this is done 
simply with the mouth. Here are some 
such activities: 

"Obtain an air mattress if possible, 
01 a large rubber-balloon Permit a 
student to inflate one of these with air 
from his lungs. Engage the class in 
a discussion of how they know air is 
in the object if the air is invisible, and 
since ordinaiy weighing techniques 
cannot detect it. Help them realize 
that they know of tho piesence. of the 
air because of the pressure it exeits 
on the containei. This pressure in¬ 
volves a force which pushes out on 
the container’s walls. Pressure and 
foice are closely related concepts. 

As an alternative activity blow soap 
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bubbles and discuss with students the 
air which inflates them " 

1(b), Air can be Pumped into the 
Bladder of a Football or a Tyre. 

A second set of experiments with air 
pressure concerns objects which me in¬ 
flated with a pump of some kind. Those 


usually involve pressme much liighei 
than can he, developed by tho lungs and 
mouth Instead, a pump is used—one 
opeiated either by hand or by some, kind 
of motor. Because cycle tyre pumps arc 
so common, they provide tho means 
lor inflation activities at icasonahly high 
pressme in tho classioorn. 


Investigation : IIow Can Air Be Conwroeeko With a Bump ' r ‘ 


“Fcrmil a child to use a cycle, lyre 
pump to inflate either a cycle tyre or 
a football. Point out to the class that 
as he opeiates tho pump, he is supply¬ 
ing a force to make tho air go into 
the tyie. The greater the pressure 
in the tyre, die greater is the 
foice lie must use to continue to in¬ 
flate it. When inflation is complete, 
invite students to poke tyro or tho ball 
with their fingers, or to sit or stand 
on it. Help them realize that the 
pressure inside is able to resist great 
force fiom the outside. 

As alternative activities, challenge a 
child to compress air into a bottle with 
his lungs. The more air he blows m, 
the gieatei becomes the pressme. 

Or 

Take a cycle tyre pump apart aiul see 
how it works.” 

2, Air Pressure can Moor Liquids 

By now students are aware that air* 
although invisible and often unnoticed, 
is a real substance. They also realize 
that air can exert pressure, In the pre¬ 
vious major concept, they should have 
learnt that normal atmospheric pres- 
sure-tlie pressure of ordinary air—is 


neaily one kilogiam of hnee per square, 
eentnnelei (1 kgl/cm ), They must 
keep the pie.senee of such normal an 
piessure m mind to understand this next 
major concept. The* teacher should 
begin this part of the wmk by making 
sure that all .students are aware of noi- 
mal air pressme. If there is any un¬ 
eel Utility about this understanding, it 
should be eloaicd up before going any 
farther. 

2 fa) Air is Removed from a Stone 
while U is used' for Drinking, 
Normal Air Piessure then For¬ 
ces the Liquid Up. 

All children have seen people sipping 
liquids’ tbiough a straw. Sometimes a 
real stiaw—the ‘stem’ of wheat, for 
example is used. More commonly, the 
stiaw is of paper or of plastic. Chil¬ 
dren and adults usually describe this 
process in terms of a person sucking 
the liquids up through the straw. Ac¬ 
tually, such a phrase* is misleading. It 
is much better to think of the liquid as 
being fumed upward through the straw 
bv normal air piessure on the outside 
Here aie some activities which will help 
students understand tins important point 
about the way air piessure can move 
liquids. 
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Investigation : How Can Liquids Be Sipped Through a Straw ? 


Invite a student to use a drinking 
stiaw to sip some coloured liquid from 
a container. If possible use a trans¬ 
parent plastic straw. As the class 
discusses what happens, discourage 
them from describing the action in terms 
of ‘sucking’, or of the liquid being 
‘pulled up’ by a partial vacuum inside 
the shaw. Help them to understand 
what happens, Point out that the 
normal air pressure outside the stiaw 
is about one kilogram of force per 
square centimeter (1 kgf/cm ). This 
pressure is exerted on all surfaces, in¬ 
cluding the surface of the water. If 
the straw is open at the top, the same 
pressure is also applied to the surface 
of die liquid inside the straw. What 
happens when the demons hating stu¬ 
dent starts to sip die liquid through 
the straw? The pressure inside the 
liquid is now reduced perhaps to 9/10 
kgf/cm. The pressure on the out¬ 
side is now greater and forces the 
liquid up die tube. Students may be 
helped to see how the person sipping 
the liquid produces a reduced pressure 
inside the straw. The 'tongue’ is like 
the piston of a simple pump. As die 
tongue is pulled back, die volume in¬ 
side the mouth increases. As a result, 
the molecules are somewhat separated, 


and theie are fewer of them per cubic 
centimeter. The 1 educed number of 
molecules exert a decreased pressure. 
Help students sec that this chain of 
events is just the opposite of that men¬ 
tioned in connection with tho cycle 
pump of the preceding major concept, 
There die volume was decreased and 
the pressure went up. Ilcrc the volume 
is increased and the pressure goes 
clown. 

Invite anodier student to sip liquid 
through a paper or plastic straw. While 
he is doing so, use a straight pin to 
punch a small hole through the straw 
between his lips and the, surface of the 
liquid. Observe what happens, Help 
the class to undeistand that the pinhole 
‘leak’ in the straw pi events tin 1 stu 
dent from maintaining a reduced pres¬ 
sure inside the straw. As a result, he 
is unable to lift the liquid to his mouth, 
Challenge students to see how high 
they can lift water by sucking though 
a tube. 

Use wax or gum to seal a stiaw into 
the top of a bottle completely full of 
water. Defy a student to suck the 
walci up through the stiaw. 



A Precaution for Designing 
Simple Experiments in Science 

Ved Ratna 

Department of Science Education , NCERT, New Delhi 


T hroughout the world, now-a- 
days, there, is a movement for 
simplifying experiments and devising 
simple apparatus for demonstrating 
scientific principles to school children. 
Undoubtedly, such experiments are very 
valuable in the process of science teach¬ 
ing, because they can be more easily, 
and therefore more often, shown to cliil- 
dien, Tlie simpler and more interesting 
of these can also be performed by chil¬ 
dren themselves as a leisure-lime activi¬ 
ty. 

Whereas such experiments are so use¬ 
ful they involve a risk too, which is 
sometimes difficult to recognize, This 
risk does not relate to the educational 
values of such experiments, It relates 
lo a possible carelessness on the part of 
the teacher who designs the experiment, 
and it is for this reason that the risk is 
difficult to recognize, 

What is the Risk 

In every experiment we make an 
observation which is the effect of the 
phenomenon that wo want to demons¬ 
trate, Usually the effect that wo observe 
can ho caused not only by the pheno¬ 
menon that wo want to demonstrate but 
also by a few other factors, and those 
factors constitute the sources of error of 
the experiment. We have to control 
the conditions of the experiment in such 
a way, that the desired phenomenon is 


the major cause, and the unwanted 
factors are reduced to insignificance. 
The risk m designing a simplified' ex¬ 
periment is that the teacher, in his en¬ 
thusiasm to simplify the experiment, 
may lose sight of this principle. Thus 
the experiment may become such that, 
although it is very attractive and simple, 
the desired phenomenon is no more the 
most prominent cause of the observation 
to he made in it, It is very essential 
lor the. teachci to critically examine the 
experiment against this risk. 

It must he accepted at this point that 
in simplifying an experiment, the un¬ 
wanted factors are bound to increase 
otherwise the refined experiment will be 
useless, being just as accurate as its 
simplified version. But if in the simpli¬ 
fied experiment, the errors caused by the 
unwanted factors become comparable 
to the observation itself, then it must 
be rejected as being ‘invalid,’ Let me 
give two examples of this kind. 

Aneroid Rcuotneter 

VNKSCO Source Booh for Science 
Teaching describes on page 77, a simpli¬ 
fied form of aneroid barometer, which 
children can construct themselves. 

“Stretch a piece of thin rubber over 
the mouth of a small glass jar. Wind 
thread or string over die rubber to secure 
it and then put a ring of household 
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cement under the edges of tlie rubber 
sheet which have been trimmed off 
Cut a thin circle from the end of a cork 
and glue this to the centre of the lub¬ 
ber Next glue a long bioom splint or 
soda straw to the cork. Cut a little 
wooden triangle fiom a match stem and 
glue to the edge of the bottle so that 
the splint or soda straw rests on it. A 
scale can be made and placed behind 
the end of the splint.” 



In this experiment the position of the 
pointer on the scale depends upon the 
difference of pressure between inside 
and outside the jar. If temperature oi 
the room remains constant, this dif¬ 
ference of pressure will change as the 
atmospheric pressure changes, and the 
pointer will indicate changes in atmos¬ 
pheric piessure. Thus this barometer is 
quite alright in an air conditioned 
laboratory or home, but not in a place 
which is subject to changes in tempera¬ 
ture with the time of the day. In Delhi 
on a calm day the atmospheric pressure 
may change only by a few mm of 
mercury from morning to evening, but 
the room temperature may rise as much 
as 15 degrees on the Fahrenheit scale, 
causing a change in the position of the 
pointer equivalent to a decrease m 
atmospheric pressure of about 20 mm, 
of mercury, I have seen (and have 
felt pity on the innocence of) some stu¬ 


dents in Delhi constructing this aneroid 
barometer and very' sincerely and re¬ 
gularly taking observations of atmos¬ 
pheric pressure by it extending over a 
long period of time, tlie. observations 
being, of course, on an arbitrary' scale 
aie not in mm. of mercury. 

The most essential features of an 
aneroid barometer are ; 

(i) an evacuated box, and 

(ii) a spring made of such material 

that its elasticity changes little 
by changes in temperature, 
placed in the box supporting 
its elastic diaphragm against 
the atmospheric pressure and 
thus measuring the atmospheric 
pressure much as a spring 
balance measures the weight 
of a body. 

If these features me neglected in any 
demonstration or model of the aneroid 
barometer, it is likely to cause misunder¬ 
standing. 

Elasticity erf Air 

In a TV-lcsson on Boyles’ Law the 
following experiment was shown to draw 
the conclusion that ‘air is elastic.' 

IlC 



D 

Fig. 2 
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A mbber diaphragm D is tied 
at the bottom of a belljar, Inside it is 
a toy balloon B attached to the lowei 
end of a tube C. The tube is fixed by a 
mbber cork in the mouth of the belljar. 
Thus air can freely go in or come out 
of space inside the balloon, but space A 
(inside the belljar and outside the toy 
balloon) is a closed space. When the 
diaphragm is pushed in, the balloon col¬ 
lapses and some of the air in it comes 
out. When the diaplmigm is i el eased, 
it comes back to its oiiginal position, 
and the balloon also regains its original 
volume. 

It was argued that, when the. dia¬ 
phragm is pushed in, air in the belljar 
is compressed, Tims its pressure in 
creases, and duo to this increased pres¬ 
sure, air inside the balloon is driven out. 
This shows that air is clastic. 

But the following points are note¬ 
worthy in regard to this demonstration 
and this argument: 

(i) Any increase in the pressure of 
air in space A is only transient and 
exists only during the inward motion 
of the diaphragm. 

(ii) Even the transient increase in the 
pressure of air in space A will be very 
small, because the inertia of air in 
space B, as well as of the walls of the 
balloon, is very little. Thus transient 
decrease in the volume of air in space 
A will be very small compared to the 
observed collapse of the balloon 

the observed decrease in volume of 
balloon. 

It may be better in this demonstra¬ 
tion that the mouth of the tube C be 


kept closed when the diaphragm is push¬ 
ed in. Thus air in space A as well as 
in balloon will be, compressed, and 
compression of air in the balloon will 
be observed as a slight collapse of the 
balloon, Thereafter, the month of the 
tube C be opened, and the balloon 
will further collapse showing that air m 
the space A bad also been compiessed. 

Measuring Time-period of a Pendulum 

It would be appropriate hero to men¬ 
tion also an example of over-simplifi¬ 
cation sometimes done by science 
teachers. Recently I had the chance 
of observing the practical work in phy¬ 
sics of the students of a few schools 
in Delhi. I was surprised to find that 
students measuied the, time period of 
a pendulum by staiting and stopping 
the stop-watch when the bob is at one 
of its oxtremetios A or B (figure 3). 
Let us call it method 1. 



0 

Fig, 3 
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For the accuracy of observations I 
prefer the method that the mean posi¬ 
tion 0 of the bob be marked, and the 
stop-watch be started and stopped 
when the bob passes through 0 in a 
previously thought-out direction, either 
A to B or B to A. Let us call it 
method 2. 

When I asked the teachers about it, 
they all preferred method 1 saying that 
students commit mistakes of half an 
oscillation m counting oscillations if 
they use method 2. As regards the ac¬ 
curacy of observations, they considered 
both methods equally good, 

I asked one of diem, 'which method 
will you piefer for measuring the time 
period of a Torsion Balance, which 
may be of the order of 2 or 3 minutes?’ 
He then understood my argument that 
method 1 is not accurate because the 
boh is momentarily at rest in positions 
A or B, and changed his opinion in 
favour of method 2, 

It can be agreed, of course, that 
when we are using a stop-watch both 
the methods are equally accurate for 
measuring a time period which is of 


the order of 2 or 3 seconds, as in the 
case of a pendulum, But still method 
1 should not be preferred, because the 
students should grasp that method 2 
is the proper method of measuring the 
time period of an oscillating body. 

Conclusion 

While designing any simple experi¬ 
ment, it is important that extreme care 
be exercised against the unwanted fao 
tors that influence the observation, 
By the slightest caielcssness errors can 
increase so much as to invalidate the 
experiment. Tins situation can arise 
even in experiments described in books 
written by famous authorities in their 
subjects. The only authority accept¬ 
able in this icgaid is logic. 

In India, as we cannot equip mir 
school laboratories with much sophisti¬ 
cated equipment, the ingenuity of 
science teachers in designing simple 
experiments is a great factor in improv¬ 
ing our standards of science teaching. 
Thus die above mentioned precaution 
in designing simple experiments is of 
particular importance for science tea¬ 
chers in India, 



Science Abroad 


New Understanding of the Link 
From. Ear to Brain 

Brian Maskell 


T HE tools of rapidly-advancing tech¬ 
nologies are now being put to wink 
on some of the most formidable research 
piojects—those associated with studies of 
senses and control systems in living 
things. 

At the Nouiocomnmnicalions lie- 
search Unit of the Binniugham Medical 
School, lcscareli is being conducted into 
the heanng system, under the direction 
of Dr. I.C. Whitfield. 


to at *• 



Figure 1. An illustration of the human 
ear mechanism. Sound waves arriving 
vm the acoustical passage cause the 
tympanic membrane to vibrate. A 
hinged bony structure carries these 
vibrations to the cochlear mechanism. 

While the. anatomy of the car is fair¬ 
ly well established, (Figure 1) a de¬ 
tailed understanding of its way 
to the brain, and how it is recog¬ 
nized in the brain's auditory section has 
until recently, remained largely a matter 
for conjecture, 


Sound pressure waves arriving via the 
acoustical passage cause the tympanic 
membtane to vibrate: the vibrations are 
transferred via a system of bony levers 
to (lie wall of an oigan known as the 
cochlea. Tin’s consists of a tube which 
is divided into three sections by two 
partitioning membranes — the leissnei 
and the basilar (Figure 2). All three 
sections are. filled with a body fluid, al¬ 
though the chemical composition of the, 
fluid in each section is slightly different. 

B0NE RfcLSSNER'S 



Figure 2, A sectional view of the coch¬ 
lear transducer mechanism. Vibrations- 
from the bony structure make the tec¬ 
torial membrane vibrate as well, causing 
movement of the hair cells. These 
stresses eventually fire electrical im¬ 
pulses to tire bram W« the nerve fibres. 

it ('issuer’s membrane serves merely as 
a partition between different fluids, but 
the basilar membrane is also the key 


Reprinted from spectrum 14: 10-11 July 1965 
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structuie of the ear since it carries the 
tiansducer mechanism which converts 
one form of eneigy into another. This 
mechanism comprises a number of hair 
cells from which hairs protrude. 

Anothei membrane (the tectorial 
membiane) lies over these hairs. When 
sound waves produce vibialion in the 
fluid-filled sections of the cochlea, the 
basilar membiane moves up and down 
in relative motion, causing a shearing 
action between the tectonal and basilar 
membianes. Tins action is similar to 
flexing a paper-back book, hack and 
forth, the covers representing the two 
membianes. 

The hair are quite stiff and apparent¬ 
ly transfer the sheaiing stress to the 
plate-like surface of the hair cells on 
which they are fixed. The result of this 
stress is to produce a change of electri¬ 
cal potential across the liair-cell surfaces, 
so this change of potential represents 
the mechanical vibration. The system 
is to some extent similar to the opera¬ 
tion of a microphone. 

One important fact has been discover¬ 
ed about the energy of the electrical 
potential—it is greater than the energy 
of the mechanical vibration, indicating 
that incoming vibrations control an 
existing source of electrical energy. 
This is something like the operation of 
a transistor or thermionic valve, except 
that these devices amplify small electri¬ 
cal changes into laiger leplicas, where¬ 
as the ear is a device which tianslatcs 
a mechanical input directly into an am¬ 
plified electrical output. 

Associated with each of the hair cells 
is one or more nerve fibres (Figure 2.). 
They group together to form the audi¬ 


tory ncive tiunk (Figuio 1) which con¬ 
tains about -JO,000 of these fihies. Acti¬ 
vating the nerve cell in some way trig- 
geis off electrical impulses in the associ¬ 
ated neive fihies. High amplitude vi- 
kiations of the basilar inenilnaue cause 
a similarly high rate of impulses fired 
along a nerve fibre. 

The basilar membrane is about 35 
millimetres long and varies in width 
from 0.04 mm. at the base of the cochlea 
to 0.50 nnn. at its apex. Fuithennoie. 
the stiffness of the membiane changes 
progressively from one end to the oilier. 



BASE APEX 

Figure 3. An illustration of the ‘travel¬ 
ling wave’ nature of the basilar mem¬ 
brane movements when responding to 
(a) high frequencies, (b) medium fre¬ 
quencies, and (c) low frequencies. 

The effect of these changes is that valua¬ 
tions induced by the fluid occur as 
liavelling waves (Figure 3) which pass 
along the membianes from base to apex. 
They reach their highest amplitude at 
some point and then die away rather 
rapidly. At high frequencies (10 kilo¬ 
cycles per second) this point is quite 
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neai the base, wluaeas at low fieyuen- 
cies (10fle/s) the waves tiavel right to 
the apex befoie dying out. 

As there ate nerve fibres along the 
whole length of the basilar monibiane, 
the biain can tell how much of the 
memlnane is vibiating—so it can toll the 
frequency of the stimulus. The louder 
the stimulus, the gieuter will be. the 
movements ot the basilar membrane, 
and the fastei will be the pulse flung 
rate of the section of Shies' concerned. 



The auditoiy trunk nerves leaving the 
areas of the light and left cochlea each 
terminate in an organ at the base of the 
biain. This is called the cochlear nu¬ 
cleus (Figure 4), and it processes the 
information coming in from the cochlea 
before passing it on to a maze of inter¬ 
connections with other centres. Even¬ 
tually the information finds its way to 
the auditory cortex of the brain. 

The pattern of the input to the co¬ 
chlear nucleus which lesults from a 
single tone stimulus is shown in figure 
5a. Each vertical line corresponds to 
about 10 to 50 fibres; each thin line cor- 



Figurc 5a. Pattern of nerve activity in 
the auditory neive in response to a tono 
stimulus. The horizontal axis represents 
part of the total array of nerve fibres 
m the auditory tiunk nerve. Each up¬ 
right line represents about 10 to 20 ilbres 
and its height represents the average 
rate of pulse activity in that group 
Heavy lines represent the lespcmse to a 
weak stimulus, and the thin lines the 
response to a louder tone 


responds to a strong stimulus, each 
thick one to a weak stimulus. 

Output from the cochlear nucleus is 
shown in figure 5b. It will be seen 
that the pulse firing rate lias been re¬ 
duced, but most significant is tlu: 'ave¬ 
raging’ which has taken place. If an 



Figure 5b. The pattern of activity afler 
cochlear processing. Maximum pulse 
rates are lower and there is less differ¬ 
ence in the pulse rate for Lho same 
change in intensity 
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Figure 6a. Input received by the cochlear 
nucleus as a result of two sepai ate tones. 

incoming nerve fibre is firing above a 
very slow rate-in other words above a 
‘threshold’—its corresponding output 
fibre is made to fire at a fixed level. 

Likewise, input fibies firing at a fast 
rate have corresponding output fibres 
whose rates are reduced to the fixed 
rate. Where the fibres are firing reveals 
the pitch of the sound; how many of 
them are firing, shows its intensity. 

The Birmingham team has also been 
looking at the way in which the audi¬ 
tory system discriminates between two 
adjacent tones. Figure 6a shows the 
pattern of a two tone input to the co¬ 
chlear nucleus, and figure 6b shows the 
corresponding output pattern. Tire 
very sharp and well-defined dip in 
figure 6b occurs because the input 
fibres between the two frequencies are 
not firing quickly enough to qualify for 
upgrading to the fixed level 


i 
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Figure 6b. Output beyond the cochlear 
nucleus showing the effect of inhibition 
in separating the responses. 


Recent disco\ erics at Birmingham 
concern certain nerve cells in the audi¬ 
tory cortex (outside part of the brain). 
It appears that one of those cells res¬ 
ponds either to a falling tone or to a 
rising tone; not to both 

At nearly all stages of processing 
there aie fibies carrying information 
back in the diiection of the cochlea 
(shown by the dotted lines in figure 
4). These ‘feed-back’ fibres are not 
yet understood in detail, but their func¬ 
tion appeals to be to decrease the input, 
They may do this over tho whole range 
of stimuli (volume control) or act only 
to suppress certain irrelevant and there¬ 
fore unwanted signals. 

The fact that ono is inclined to be un¬ 
aware of the ticking of one’s sitting 
loom clock until it stops, is perhaps an 
example of this. 



All-Seeing Eye Searches the Universe 

A. Huguenot Van Der Linden 


CINCE the end of World War II, a 
completely new luaneli of astro¬ 
nomy has come into being: radio as¬ 
tronomy. With the aid of giant con¬ 
cave racial mirrors, the weak mush’ 
of radio signals emanating from the 
universe are picked tip, amplified and 
turned into a visible form on a chart. 
You could almost describe this as 
‘chaiting the invisible part of the uni¬ 
verse’, Dutch scientists have scoied 
some notable successes in this new and 
fascinating sphere. 

If you wore to make a tour of the 
province of Drenthe in the Noith of 
Holland, you would eventually come 
acioss an area of open ground not far 
from the village of Dwingeloo on which 
stands a metal colossus, At first sight 
it resembles one of those stiange pieces 
of modern sculpture executed in steel 
rod and wire.. .except, perhaps, that it 
is as high as an eight-storey block of 
flats. It completely dwarfs the sheep 
which peacefully giaze around its 
foundations. This strange man-made 
giant is busy listening to the strange 
heavenly music which reaches us from 
the universe: it is a radio telescope and 
its task is to pick up mysterious ladio 
waves from far out in space and provide 
the astronomers with material from 
which to draw conclusions, On the 
front of the apparatus is a huge con¬ 
cave ‘mirror made from wire mesh, it 
doesn’t shine like a normal mirror but 
that doesn't matter because radio waves 
coming from space are reflected off it 


just as powerfully as light lays off a 
nmmal minor. This mesh mirror rotates 
on a horizontal shaft mounted in a high 
tower; this in turn, is mounted on four 
bogies running on a circular rail Pack. 
This combination allows the whole ap¬ 
paratus In turn cm its own axis while at 
the same time the mirror can be swung 
up and down and can be pointed at 
any spot in the heavens (provided, of 
course, this is above the horizon). 
The radio telescope is not, as you might 
imagine, only used at night; the uni¬ 
verse provides listening material enough 
during the daytime also. The stars may 
not be visible owing to the sunlight, 
but tin: emission of radio signals goes 
on unabated. 

In the cenlie of the mesh miiror is 
a long probe, at Lhe extremity of which 
a dipole antenna is fitted. This is 
mounted piccisely in the focal point of 
the mirror, Signals reaching the mirror 
are concentrated at the focal point 
where they are absorbed by the anten¬ 
na and fed to a receiver. Just as your 
radio receiver at home amplifies the 
signals fed to it, so does the receiver of 
the radio telescope amplify the signals 
fed via its antenna; but the process is 
considerably more complicated and the 
degree of amplification thousand times 
as great. The amplified signals have 
sufficient power to operate a pen under 
which passes a continuous roll of graph 
paper. Seen on paper, these ‘sounds 
from outer space 1 are merely lines go¬ 
ing up or down in relation to the centre 


By Courtesy: the Royal Netherlands Embassy, New Delhi. 
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of the 10 II, the significance lies in - 
the fact that modern techniques have 
made part of the invisible universe 
visible to the human eye. The radio 
telescope at Dwingeloo was officially 
opened by Her Majesty Queen Juliana 
of the Netherlands on 17 Apiil 1956, 
in die presence of die world’s leading 
astronomeis. Until recently it was the 
largest and most refined instrument of 
its type in the world and die numeious 
and highly impoitant discoveries made 
with its aid have given Dutch scientists 
a considerable lead in this fascinating 
new field of reseaich. In terms of sheer 
size, however, the instrument has now 
been overshadowed by die radio teles¬ 
cope at Sydney in Australia, and by the 
giant instrument at Jodrell Bank near 
Manchester in England, of which die 
famous astronomer Sir Bernard Lovell 
is in charge. The mirror of die Jodrell 
Bank telescope is so large diat gun 
mountings of battleship dimensions 
were needed to support it. In fact die 
mountings from die sunken H.M.S. 
Royal Sovereign were salvaged and 
put into use again. The Jodiell Bank 
telescope has become particularly well 
known m lay circles, thanks to the role 
which it has played in tracking Amen-' 
can and Russian space ciaft. Soon,' 
however, even this giant apparatus will 
be dwarfed by one being built by the 
United States Navy in a deserted val¬ 
ley in die state of West Virginia. This 
‘giant of giants’ will have a minor 
somediing like 600 feet in diametei— 
large enough to contain a football 
ground with stand and tenaces. The 
West Virginia radio telescope will be 
about 660 feet high—and that’s equal to 
a 66-storey block of flats. Apart from 


.topping the list oi radio telescopes it 
will be the hugest scientific instillment 
in history. Placed alongside these two, 
the Dwmgcloo telescope assumes some¬ 
what modest piopoilions. But with it, 
Dutch astronomers, carrying on the 
tradition of tlicir country, have achiev¬ 
ed wondeilul insults. Among these was 
the charting of the. veiy first system of 
‘streets and squaies’. as they might be 
called, in the Milky Way. This they did 
with only die inhumation drawn horn 
the extremely weak signal pattern pick¬ 
ed up with their huge ‘metal ear’, 
Radio astionomy is a ldatively new 
science, hut it has donned the seven 
.league bools of a giant m shieling foi- 
Wvard since the end of the last war. 

It all began when a young Anieiiean 
engineer named Kail Jansky was given 
die job of finding out the source of 
mysterious radio signals which were 
causing a lot of double in trans-atlantic 
radio-telephone communication. That 
was in 1932. At that time no one dream¬ 
ed diat die source of the interfei ence 
might lie m the univeise, but Jansky 
observed that the whistles, hisses and 
odier sounds which reached his head¬ 
phones commenced four minutes earlier 
each evening and always came from die 
same direction. This could only indi¬ 
cate that the sounds came from outer 
space since the pattern of the earth’s 
annual rotation around the sun is such 
that the stars ‘rise’ four minutes ear¬ 
lier every evening. 

Jansky’s discovery was a momentous 
one but, as so often happens, no one 
displayed much interest at the begin¬ 
ning. Jansky died in 1950, just when 
radio astronomy was about to take its 
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gxeatest leap forward. lie did find one 
disciple, a fellow counliyman named 
Grote Reber. Using piimitive equip¬ 
ment, Rebel 1 built Llie fiist uidio teles¬ 
cope near the bungalow in which lie 
lived This had a lniutn of only 30 
feet oi so in diameter but even so its 
designer was able to pinpoint the souiee 
of a number of ladialions including 
those fiom the conslclltnions Eagle and 
Swan That was in 1940 and although 
the ensuing five war-yeais practically 
bi ought the new science to a halt, its 
significance was realized by experts be¬ 
cause of the influence which the distant 
emissions had on the military ladai 
observations by the allies. Towards 
the end of Lho war, a number of half- 
starved astronomers' braved the con¬ 
tinuing Nazi occupation and the acute 
shortage of food and organized a meet¬ 
ing of tlio ‘astronomers club’ to hear 
a lecture by a young and unknown 
student by the name of Hendrik Cliris- 
toplie Van de Ilulst. Although only 22 
years of age, he spoke fervently of his 
belief that the so-called neutral hydio- 
gen gas which is present in large quan¬ 
tities m between die stellar constella¬ 
tions radiated waves on a frequency of 
21 centimetres. So convincing was Van 
de Hulst’s argument that his tutor, Jan 
Hendiik Oort of the centuries-old 
obseivatoiy in Leyden, immediately 
grasped the significance of it, Professor 
Oort, who has received numerous high 
scientific awards (and who has been 
described in the United Stales as one 
of the ten leading scientists of his time) 
set about establishing the ‘Solar and 
Milky Way Radio Emission Founda¬ 
tion’ and making preparations for the 
building, as soon as hostilities ceased. 



Professor Hendrik C. Van de Ilulst 


of a radio telescope in which Van de 
Ilulst’s theories could be put to test 

In due com so they set to work fever¬ 
ishly to rc-erecl an old German radai 
reflector on an open space at Koot-wijk. 
But they were to suffer a setback, In 
March 1950 — less than five, \eais aftei 
the end of flic war—the costly instill¬ 
ments which were, to amplify and make 
visible those exliemoly weak signals 
from space were destroyed by fire, and 
hv tile time the complicated appuiatus 
had boon rebuilt, a gioup of American 
radio astronomers at Harvard Observn 
lory had stolen a march on the Dutch 
and their theory of the hydrogen ernis 
sron. That was m the Spring of Idol 
A few weeks later, the Dutch engineer 
G. A. Muller succeeded in confirming 
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their discovery, but Van de Hulst re¬ 
ceived full credit for his ingenious pre¬ 
dictions. In the meantime Van de Hulst 
had become a professor and among the 
rewards which weie heaped upon him 
was a high decoration from the National 
Academy of Science in the United 
States. Later, he was elected president 
of COSPAR, the international commit¬ 
tee of experts charged with the task of 
making recommendations for space 
research piojects. 

Why was Van de Hulst's discoveiy so 
important? A simple example will suffice 
to answer that question. If you stand 
at a point somewheie along a highway 
where cars are passing at liigli speed 
you will notice that, if a driver sounds 
a continuous note on his liom, the note 
of the horn gets higher and higher until 
the car passes you. Once past, the note 
drops suddenly. This is the so-called 
‘Doppler effect’, and from the shift in 
tone, the speed of tire vehicle can he 
calculated with suitable instruments. 

Van de Hulst came to the conclusion 
that 21 centimetre wave length sig¬ 
nals emitted by the hydrogen gas mass 
might well create just such an effect and 
that, in turn, tire speed of the hydrogen 
atoms moving through the Milky Way 
could be calculated in a similar man¬ 
ner. From this, scientists could deduce 
the composition of tire Milky Way. As 
we have said, the theory of Van de 
Hulst was accepted and the 21 centi¬ 
metre line has become a basis of astro- 
nomeis in various parts of the world. But 
what aie the most important discoveries 
which have been made with the aid of 
the radio telescope at Dwingeloo? First¬ 
ly it has provided positive evidence that 


the Milky Way (of which the earth is 
a part) consists of a cluster of about 
100,000 million stais similar to the; Sun. 
Actually this is not a cluster as such 
because the stars which go to make 
this up are many light years apart. But 
if we keep to our giant yardstick of the 
universe, the refeienco to a clusLer is 
justified. Around the central cluster lie 



The 'big dish’ at Dwingeloo 
a number of flat spiral arms reminis¬ 
cent of a watchspring, This compari¬ 
son can he taken a step farther if we 
imagine that such a spring were lightly 
greased and icing sugar sprinkled on it; 
every minute grain of sugar would re¬ 
present a solar body similar to the Sun, 
This would, in fact, be found on one 
of the outer coils of the spring and 
surrounded by an insignificant wreath 
of invisible dark planets of which the 
Earth is one, Significant as this dis¬ 
covery may be, it was not die be all and 
end all. The scientists at Dwingeloo 
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also established by clouds of exception¬ 
ally laieficd liydiogen gas which, 
together with the cntne stellar system, 
1 evolve around a common axis. Finally 
it was discovered that the gaseous mass 
in the nucleus of the Milky Way was 
being dispensed with enormous velocity, 
probably as a result of magnetic forces. 
This last discovery came as a complete 
siupnse and created a terrific impres¬ 
sion on the entire international scienti¬ 
fic world when it was disclosed at a 
gathenng of the Royal Netherlands Aca¬ 
demy of Sciences, hold on 29 Novem¬ 
ber 1958 in one of the magni- 
ficiont Patrician houses flanking the 
Amsterdam canals. Even now the ex¬ 
tent of the discovery cannot he mea¬ 
sured, but it will always remain coupled 
to the name of two Dutch scientists, 
Prof, Oort and the astionomor G. W. 
Rougnoi 

At present the radio astronomers 
know of three main sources of radio 
emission. These arc the sun, the gase¬ 
ous masses which hurtle around in the 
space in between the stars and, lastly, 
the so-called point sources of which 
some 2,000 have so far been discovered, 
This term, means simply that there is a 
point or small region in the heavens 
from which strong signals are emitted; 
so far the real significance of these has 
only been ascertained in 60 or 70 cases. 
The remainder arc still a complete my¬ 
stery. One of live point sources which 
has been identified proved to lie in the 
constellation Cygnus A. Investigations 
showed that a gigantic cosmic catas¬ 
trophe had taken place m that constella¬ 
tion the like of which goes completely 
beyond human comprehension. Two 
vast stellar worlds—spiral nudeii like 


our Milky Way and each consisting of 
hundreds of millions of solar bodies — 
attacked each other, as it were. They 
tore across each other's paths with the 
result that the gaseous atoms in them 
collided with such terrific force that 
they became sources of radiation. All 
this took place so far away in space 
that the radio waves produced took 270 
million years to reach the earth. Multi¬ 
ply this by their speed of 186,000 miles 
per second and you will have an idea 
just liow far out m space all this 
happened. 

Natuially not all the major discover¬ 
ies in the field of radio astronomy 
have fallen to Dutch scientists. Astro¬ 
nomers in Australia, England, the 
United States and many other countries 
have made valuable contributions. At 
the same time, the pioneering work done 
in Holland has pioved to bo of such 
significance that, small as this country 
may Ire, it may proudly stand alongside 
the huger nations in the field of radio 
astronomy. This applies in particular 
as professor Oort is now directing a 
Leyden university team of scientists oJ 
several nationalities, whose objective is 
the construction of an enormous Bene- 
luc ladio telescope, fitted with a giant 
ross-antenna. Tins instrument will con¬ 
sist of no less than 103 movable para¬ 
bolic minois of a simplified Dwingeloo 
type, each of them measuring 90 foot 
across and arrayed along two arms at 
right angles and covering many square 
miles in the frontier same between Bel¬ 
gium and the. Netherlands. Construc¬ 
tion will be completed in 1967, provid¬ 
ing Europe with the largest and most 
sensitive instrument of its kind in the 
world. 
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D R Homi Jehangir Bhabha, whose 
piematuie death on 24 January 1966 
in an air crash resulted in a grievous loss 
to science, was born in Bombay on 
30 October 1909. He was educated in 
the Cathedial and John Connon High 
School, Bombay and later at the 
Elphinston College and the Institute of 
Science, Bombay. At the early age of 
17 he proceeded to Cambridge for high¬ 
er studies where he joined the Gonuille 
and Caius College and in 1930 passed 
the Tripos in Mechanical Science, He 
studied theoietieal physics for two years 
under the supervision of Prof. Diiac and 
Prof. Mott of Cambridge. 

He was awaided the Rouse Ball Tra¬ 
velling Studentship in Mathematics of 
Trinity College, Cambridge from 1932 
to 1934 which he utilized in working 
with Wolfgang Pauli at Zurich, Enrico 
Fermi at Rome and for a brief period 
with II.A. Kramers at Utiecht in Hol¬ 
land. In 1935 he was awarded the 
Isaac Newton Studentship and in 1939 
appointed as a theoretical Physicist 
in Prof. Blackett’s laboratory at Man¬ 
chester. He was appointed a Reader in 
theoretical physics at die Indian Insti¬ 
tute of Science, Bangalore and was pro¬ 
fessor from 1942 to 1945 when he 
founded the Tata Institute of Funda¬ 
mental Research in Bombay. 


Dr. Bhabha’s main woik cone .‘ins cos¬ 
mic lays and elemental y pai tides. Cos¬ 
mic rays aic from the miter space. 
In the atmosphere, tliev pimlnee secon¬ 
dary pai tides which cause ionization 
and thus their path can he observed m 
Wilson cloud cluunbns The second¬ 
ary lathation consists of two pai ts. One 
the soft component and (lie other the 
hard component. The soft component 
consists of elections, positrons and X- 
rays which aio easily absorbed by mat¬ 
ter. During their ahsoiption some of 
the very high energy electrons* and pho¬ 
tons give rise to a huge number of 
particles whose, paths become visible in 
cloud chambers and these are known as 
cascade showcis. Bhabha and Ileiltei 
and simultaneously Cailson and Op- 
penlieimer explained these showers as 
arising from the absoiptmn of high 
energy electrons and photons. A shower 
is usually initiated by an electron of 
energy of many billions of electron volts. 
It emits a photon of camparablo energy 
by a process known as brems-strublung. 
These photons aro absorbed and pro¬ 
duce an electron-positron pan* which 
then pioduce more photons by the same 
process. This goes on until a large 
number of electrons and positrons have 
been produced and the energy of each 
pai dele is comparative!)' low This 




Homi Jchanfiir Bhabha 39O9-190C 


theory gave an impetus to the study of 
showers and led to the diseovery of ex¬ 
tensive air showers and explained the 
fact that the intensity of cosmic rays 
passed through a maximum at a pres¬ 
sure of about 70 mm. After his return 
to India, Bhabha continued to he inte¬ 
rested in this problem and in collabora¬ 
tion with S.K, Chakrabarly published a 
paper on the average number of secon¬ 
daries produced by a primary of given 
eneigy. 

Other problems studied by Bhabha 
were the scattering of positrons by elec¬ 
trons and that of mesons by nucleon. 


To understand the election-positron 
scattering, we must remember that ac¬ 
cording to Dirac’s theory the positron 
is a hole created by lifting an electron 
from a negative eneigy state to one of 
positive energy, Therefore in the scat¬ 
tering of positions by elections two pro¬ 
cesses can take place. Tn the fiisl pio- 

cess the electron is lifted fioin its nngi- 
nal state to state of bighei eneigy bv an 
amount E and the hole (which ap¬ 
pears to us as a positive electron) is 
filled by a negative energy electron 
E units above the original hole, thus 
creating a hole or positron of less 
kinetic energy. In the second piece,ss 
the electron falls into the hole and the 
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energy difEerence is used in lifting a 
negative energy election to a positive 
energy state, thus creating a hole or 
positron, Bliabha’s theoretical calcula¬ 
tions have been experimentally verified 
and provide a test for the hole theory. 

The scattering of mesons by nucleons 
is similar to the scattering of light by 
electric charge, the only difference be¬ 
ing that the scattering cross-section de¬ 
pends on the mass of the meson and 
not on the mass of the nucleon, 

Dr. Bhablia will be best remembered 
for his efforts in developing atomic 
energy in India, An Atomic Energy 
Commission was established in India in 
August 1948 and in 1954 a separate 
Ministry, the Department of Atomic 
Energy, was set up under the Prime 
Minister with Dr. Bhablia as its secretary 
and under his leadership the country 
made a significant advance in the 
development of atomic energy for 
peaceful purposes. 

Before a programme for the geneia- 
tion of energy from nuclear fission can 
be undertaken, it is necessary to com¬ 
bine the experience of the various pro¬ 
cesses involved by working with a re¬ 
search reactor, Theiefore the Depart¬ 
ment of Atomic Energy began the con¬ 
struction of a research reactor called 
Apsara in July 1955 with help from the 
United Kingdom Atomic Encigy Autho¬ 
rity. This leached criticality on 4 
August 1956. Latei two more research 
reactois were built; one the Canada- 
India Reactor with Canadian help and 
the other the Z erlina which was design¬ 
ed and built entirely by Indian person¬ 
nel. 


It had been decided in 1954 to em¬ 
bark upon an atomic power programme, 
and in 1958 the Planning Commission 
approved the setting up of an atomic 
power plant during the Third Plan 
period. Eater in 1962, the Government 
decided to set up a second atomic power 
plant during the Third Plan, It is ex¬ 
pected that the first power plant located 
at Tarapur, 60 miles north of Bombay, 
which is using ordinaly water as mode¬ 
rator and coolant and enriched uranium 
as fuel, will he producing power by 
October 1968. The second atomic 
power station located near the Rana 
Pralap Sugar Dam, which will use heavy 
water as moderator and coolant and 
oidinary uranium as fuel, is expected to 
lie in operation in 1969. A jilant for 
producing 14,5 metric tonnes of heavy 
water per annum is already working at 
Nangal in the Punjab and it is proposed 
to set up a plant with a capacity of 206 
tonnes per annum, 

As is well known, the generation of 
nuclear power depends on the fission 
of an isotope of uranium of mass num¬ 
ber 235. This isotope is only 0.7 per 
cent of natural uranium. However, the 
other isotope of mass number 238 can 
be converted in a nuclear reactor into 
another element plutonium which is 
also fissionable. A vigorous search was 
undertaken by the Department of Ato¬ 
mic Energy to locate useful deposits of 
uranium and considerable reserves of 
uranium have been located in Bihar. A 
uranium mill for processing KXX) tonnes 
of ore a day is being built at Jaduguda 
in Bihar which is expected to begin pro¬ 
duction in the later half of 1966. When 
in full production this mill will produce 
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200 tonnes of uranium oxide per annum 
which will be enough to sustain a gene¬ 
ration of about 10 million kw of nuclear 
power. According to present estimates 
this rate of production of nuclear power 
will be reached about tho year 1981. 

The plutonium that is formed in a nu¬ 
clear reactor has to he separated from 
the uranium and the fission products. 
A plant to extract plutonium has already 
been completed at Trombay and is in 
operation. This will be used to extract 
plutonium from the irradiated rods of 
the Tarapui station and recover tho en¬ 
riched uranium thereby reducing the 
import of enriched uranium from 
USA. 

However, India does not possess very 
large deposits of uranium. On the 


other hand it possesses large deposits 
of thorium of mass number 232 which 
can be converted into uranium of mass 
number 235 which is fissionable. It is 
proposed to use plutonium to do this 
and the Department of Atomic Energy 
has decided to build a breeder reactoi 
at Kalpaklcam near Madras whore the 
third nuclear power station is to be 
built. 

Although the generation of nuclear 
power in India is small in comparison 
with UK where 5 million kw of 
nuclear power is to be, produced by 
1975, India occupies an important posi¬ 
tion on the nuclear map duo to the fore¬ 
sight of Dr. Bhabha and his death at 
this juncture is a great loss to tho. 
country. 
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Prof. P. Maheshwari frs 

1904-1966 


gCIIOOL SCIENCE takes the first opportunity to express its deep) sense 
of loss and regret at the passing away of Prof. P. Maheshwari on 19 May 
1966. The time when we felicitated him on his election as a Fellow of 
the Royal Society of London, little more than a year ago, is still fresh 
in our memory. 


Prof. Maheshwaii joined Delhi University as professor when it started 
the Botany Department in 1949. In 16 years he brought this Department 
to an eminence as an Advance Centro of Reseaich in Plant Morphology 
and Experimental Embryology. lie built up a fine team of workers who 
have already made a large contribution in this field. It must be said to 
the credit of the late Professor that though his loss is veiy great, the gioup 
of workeis he trained and left behind will be able to take bis work 
forward fiom where he left it. Some institutions are great in themselves 
and many eminent men of science achieve individual fame and name be¬ 
cause of their association with the institution; hut some institutes are made 
big because of the efforts of a single person. The Department of Botany of 
the Delhi University is example of an institution which grew to emi¬ 
nence because of the ceaseless effmts of one man. During Piofessor 
Maheshwaris lifetime, his presence, could bo felt in every comer of bis 
Department. 


Piof. Maheshwari had an international reputation as a leading Plant Mor¬ 
phologist. He was a source of inspiration to many research workers in the 
country who sought his help freely. He founded the International Society 
of Plant Morphologists of which he was elected the first President. He 
used to watch with interest the work of every Indian research worker in 
botany both within the country and abroad. Ho encouraged all research 
woikers by voluntarily giving them help in their work. We had occasion 
toi refer to his work when we felicitated him in an earlier issue of Sciioor. 
Science (see Volume 4, No. 2, June 1965). 

The National Council of Educational Research and Training is grate¬ 
ful to Prof. Maheshwari for his valuable contribution to many of its ven¬ 
tures in the field of Science Education. The textbook on Biology develop¬ 
ed by the Biology Textbook Panel, of which he was the Chairman, has 
now been completed and is already in use in many schools. In the death 
of Prof. Maheshwari, India has lost an eminent botanist at the peak of 
his career and while he was still very active and energetic. Ills loss is 
shared by all scientists in this country'. May his life-work and career servo 
as a source of inspiration to many future botanists who are now students 
in schools. 



Test Your Knowledge 


What is the Physics of Body 
Temperature Control P 

Molecules of water at the skin’s sur¬ 
face move apart to form water vapour 
i.e., water evaporates. This is a heat- 
lowering process: because when a high¬ 
speed (one with gieater kinetic energy) 
molecule is lost by evaporation, its 
energy is subtracted from the total 
energy of tire liquid and the net tempe¬ 
rature is consequently lowered a little; 
there are fewer collisions between mole¬ 
cules left behind. The right body 
temperature is maintained by regulating 
the amount of liquid piescnt for evapo¬ 
ration. The ‘tlieimostat* which sees to 
this is the thalamus gland, located at the 
centre of the brain. 

What is a Virus P 

Viruses are single giant molecules 
with the peculiar ability of reproducing 
themselves with the aid of cells which 
harbor them. They lie on the border 
line between ‘dead’ chemical substances 
and the lowest form of life. They hold 
some of the secrets of life itself, Many 
viruses are responsible for diseases that 
cannot yet be cured, 

Do Viruses Cause Disease by Producing 

Toxins P 

Apparently not, They simply inter¬ 
fere so badly with the running of the 
normal chemical household and by 
robbing it of its supplies that break¬ 
down occurs. 


Does the Body Defend itself from Virus 

Attack as it does from Baclcriu? 

It tries to but the supposition is that 
the virus is much harder to overcome, 
since it is not an organism of cells and 
hence does not have true metabolism 
that can be upset, 'Hu* body tries out 
many antibodies and in many cases suc¬ 
ceeds, In others c.g., meningitis, the 
antibodies nearly always fail to work. 

What is the Approach to Combating 

Viruses P 

A chemical one. Biochemists arc 
working hard toward analyzing exactly 
what constitutes each vims chemically 
especially what configuration the offend¬ 
ing molecules have, It is hoped that 
in this way weak spots of molecular 
structure will be found. Substitution 
at these places will abort the growth 
and subdivision of the virus. But the 
agents (used for substitution) must not 
be able to damage the normal body 
cells. 

What is Fool's Gold ? 

Three minerals may on occasion so 
much resemble gold that they have long 
been known as fool’s gold. These are: 
pyrito, chalcopyrito and biotite mica, 
(weathered biotite mica looks astonish¬ 
ingly like flake gold). 

What is a Desert Rose ? 

Not a flower at all but a mineral 
having a rosette form like that of a 
flower with its petals opened. It is 
usually composed of quartz or gypsum, 
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though it may be some other mineral 
as well. 

What is a Magnetic Memoitj DeuiceP 

The magnetic memory device is a 
small highly magnetic metal diurn 
which receives and stores up readings 
from the various instruments inside the 


satellite. When the radio transmitter in 
the satellite is trigened by an electric 
impulse sent out fiom ladio station upon 
the Earth, the iniormation stored upon 
the magnetic drum is sent bade tluougb 
the satellites transmitter and the drum 
is cleared icady to accumulate a new 
seL of data. 
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Science Notes 


♦INTERNATIONAL CONFERENCE 
ON NUCLEAR FUSION 
PROBLEMS 

A FIVE-DAY conference on plasma 
^ physics and controlled nuclear 
fusion resealch will open on 6 Septem¬ 
ber at the United Kingdom Atomic 
Energy Authority’s laboiatory at Cul- 
ham, southern England. 

The conference will discuss the latest 
developments in attempts to harness 
nuclear fusion. Two hundred and 
seventy-five delegates from 25 countries 
will be attending the conference. 

Culham is the site of British work on 
fusion problems. The research is aimed 
at controlling the release of energy from 
the fusion of light nuclei, especially 
those of deuterium (or heavy hydrogen) 
which can bo extracted from sea water. 

Temperatures of 100,000,000°C. or 
more are required to sustain a reaction 
in the plasma or hot gas, and magnetic 
'cages’ are needed to contain the wrig¬ 
gling matter. 

So far, there has been no success in 
holding plasma of the right density at 
the right temperature for a long enough 
time to produce fusion. But the prize 
is so glittering that research peiseveres 
all over the world. 

MICROSCOPE CAN SEE SIDES OF 
ATOMS IN METALS 

A new nucioscope which enab¬ 
les lesearch workers to look for the 


fiisL time at the sides of the individual 
atoms in metals is now being produced 
by a company m Britain. 

The result of five years’ work by a 
group of three Cambridge research 
workers, the field ion microscope was 
shown at the recent 1965 Physics Exhi¬ 
bition in Manchester. The prototype 
was completed in six weeks from draw¬ 
ings by Dr. Brian llalpli of the Depart¬ 
ment of Metallurgy, University of 
Cumin ldge. 

Compared with the electron micros¬ 
cope, which has a magnification of 
250,000 times, the field ion mioioscope’s 
magnification is, on average, about 
1,000,000 times—though it can be much 
liigher. 

By using other techniques, individual 
atoms or atomic layers can be stripped 
from the surface of the specimen and 
other factors can then he studied—such 
things as damage caused by radiation, 
or the boundaries between grains of 
metals. 

Although the microscope could until 
recently only he used with refractory 
metals and alloys, it has now been used 
to study iron and nickel. Metals are 
not the only materials suitable, however, 
Graphite arid silicon can also be 
examined. 

The field ion microscope will have 
applications including the aircraft in¬ 
dustry on such projects as the Concord, 
and the nuclear power industry. 


♦By Courtesy British Information Service, New Delhi. 
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SOLVING COSMIC RAY PUZZLE 

Cosmic ray recording stations will 
soon be spread across 50 square miles 
of country in a deserted area of tire 
north-west of the Stato of New South 
Wales, Australia, in a research project 
to try to find the origin of cosmic rays 
and to measure then eneigy. 

The University of Sydney which is 
linked with Cornell University, New 
York, in the world’s biggest radio- 
astronomy and cosmic ray research orga¬ 
nization, is planning the array. When 
complete, this cosmic ray research sys¬ 
tem will ho the hugest of its type in 
the world. 

Eventually, an array of aerials will dot 
the countryside lound the town of 
Nanabri, alieady well known in world 
scientific circles because of the stellar 
intensity interferometer built there in 
1960 to measure tlio angular diameter of 
stars. 

Buried in the ground at each station 
will be the recording equipment—two 
big liquid scientillators to detect the 
particles from the high energy nuclear 
interactions in the atmosphere. 

This equipment is so sensitive that it 
can measure a tenth of a millionth of a 
second. Its purpose is to measure the 
number of cosmic particles which hit the 
earth, as well as the intensity and power 
with which they strike the surface. 

Tiro scientists hope the research will 
throw much light on the nature of the 
universe, one of the most puzzling 
scientific questions in the world today. 

AUSTRALIA SEEKS MORE QUASARS 

Quasars are veiy distant objects which 


shine brighter than a-hundred-million 
stars. They have attracted great 
scientific interest because the source of 
their enormous energy output is not 
yet understood. 

Quasar 0106+01 is so far out in space 
that the light and radio waves received 
from it have been travelling for a tune 
gieater than three times the age of the 
earth and sun. 

Mr, John Bolton got the first firm ‘fix’ 
on Quasar 0106+01 on 13 August 1964. 
Latin investigation at the Mount Palomar 
and Lick Observatories in the United 
States confirmed Iris suspicion that it was 
a quasar. 

Its discovery was announced at a 
scientific conference in Miami, US, in 
December 1965. 

With scientific circles stall stimulated 
by tho recent Australian discovery of 
quasar 0106+01—receding into space at 
a speed of more than 120,000 miles a 
second and tho most distant known 
object in the universe—the Australian 
radio-astronomers who found it say the 
distance record set by the quasi-stellar 
object will not stand long. 

They base their prediction on the 100 
or more similar objects pinpointed by 
their radio telescope, the 210 ft. dish 
operated by Australia's Commonwealth 
Scientific and Industrial Research Orga¬ 
nisation (CS1RO) at Parkes, New 
South Wales. 

Mr. Bolton, the telescope's director, 
says the chances are that a few of these 
objects still awaiting investigation by 
optical astronomers, are even further out 
in space than 0106+01, If so, and 
enough quasars are found, many 
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scientists believe that impoitant new 
theoiies about the nature of the universe 
will emerge this year. 

GHOSTS TAKE TO THE SKY 

A senes of ghost (Global Horizon¬ 
tal Sounding Technique) weathei bal¬ 
loons will waft across the Australian 
continent this year as part of an im¬ 
portant scientific study to determine the 
circulation patterns of the upper air in 
the southern hemisphere. 

ghosts, hydrogen-filled balloons 
8 ft. in diameter, carry a high-frequency 
transmitter that can he heard 3000 miles 
away. As they drift across Australia, 
information radioed back from the bal¬ 
loons will be received at a ground sta¬ 
tion in Melbourne in the State of 
Victoria. 

Similar monitoring stations set up in 
other southern hemisphere countries, in¬ 
cluding New Zealand, Chile, Argentina, 
South Africa and Mauritius, will listen 
to the signals sent from the balloons 
as they travel across these regions. 

The ghost project envisages the use 
of one or more satellites to read out data 
from large numbers of balloons at 
several levels between 20,000 and 80,000 
ft. over the entire surface of the earth. 

Before the project is launched, how¬ 
ever, balloon capabilities and electronic 
measuring equipment must be tested 
from a number of ground stations. This 
test progiamme, under the direction of 
the National Centre for Atmospheric 
Research at Boulder, Colorado, is now 
under way in the southern hemisphere, 


Nonnally, little meteorological infor¬ 
mation is obtained from the southern 
hoimsphere because of its vast oceans 
and the upper wind cunents associated 
with them. For this reason, the southern 
hemispheie has the most to gain fn»n 
the balloon programme. Ultimately, the 
project will allow Australia and otliei 
countries to make accurate long-range 
weather forecasts. 

Hie first test flight took place from 
Christchurch, Now Zealand, recently 
with other flights being launched over 
a period of six months. As the balloons 
might remain at altitude for periods oi 
six months or longer the test piogramme 
will continue for 12 months. 

If the test programme is successful, 
lilans are ready for the launching oi 
10,000 constant level free-floating bal¬ 
loons to obtain atmospheric measure¬ 
ments on a global basis. 

Mr. W. J. Gibbs, Director of the 
Federal Bureau of Meteorology based 
in Melbourne, describes the GHOST 
project as 'one of the most exciting 
developments in meteoiology for many 
years’. 

While satellites provide pictures of 
the earth’s cover and weather sys¬ 
tems, the balloons will make available 
additional details that will help 'fill in 
the gaps in man’s knowledge of the 
weather. 

giiost will provide valuable infor¬ 
mation for World Weather Watch, for 
which Melbourne has been nominated 
as the southern hemisphere centre. The 
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other centres are in Moscow and 
Washington. 

World Weather Watch will come into 
operation in 1968 to provide a com¬ 
prehensive system for collecting, proces¬ 
sing and using weather information to 
make forecasting m every part of the 
world more reliable. 

One of its main advantages will bo 
improved forecasts of typhoons and tro¬ 
pical cyclones. Another will be that any 
possible relationships between patterns 
of di ought in the sub-tropical belt in the 
southern hemisphere and flooding in the 
northern hemisphere can be closely 
studied, 

When World Weather Watch is fully 
operational, probably in 1971, the 
Weathor Watch Centres in Melbourne, 
Washington and Moscow will be fed 
with weather information from collecting 
points around the globe, 


The three centres will bo connected 
by their own telecommunications to 
allow rapid exchange of data. This data 
will be analyzed and then relayed to 
meteorological centres in every country, 

Information will How into the three 
analysis centres for weather stations, 
by ships at sea and weather satellites. It 
will he analyzed by computer and daily 
weather patterns covering the world 
will be issued. 

World Weather Watch developed 
from a resolution passed by the United 
Nations General Assembly in December 
1961, urging international co-operation in 
the peaceful use of outer space, 

Mr. Gibbs is Australia’s representative 
at the World Meteorological Organiza¬ 
tion, 

By Courtesy: Australian High Commis¬ 
sion, New Delhi. 



Problems in Mathematics 

J. N. Kapur and R. C. Sharma 

We have stalled a new featuie under the name ‘Problems in Mathematics'. Rcadei \ may send 
their solutions to the Editoi before August 15, 1967. Tlw coned solutions null be printed along with 
the name of the person who had sobed it correctly and elegantly in the next issue. The ptoblems are 
all numbered as SSI, SS2 and so on. In sending the solutions please lememba to ijtiate these 
twmbeis. Readers may also send problems for this section along with then complete solutions, 

The problems in this article have bean framed or selected by Prof. J. N. Kaput 

We hope this section will inteiest a large number of bi tgld students of mathematics, who will 
attempt to solve these problems. 

—Editor 


C HALLENGING Problems and then- 
ingenious solutions have always 
constituted the heart of the exciting in¬ 
tellectual enterprise that is known as 
mathematics. Young men and women 
all over the woild have found it worth¬ 
while to attack challenging mathemati¬ 
cal problems and spend days, weeks 
and even months in solving individual 
problems. The question naturally arises 
as to why die young mind is willing 
to make this supreme effort. Accord¬ 
ing to Prof. Gabor Szego, ‘The explana¬ 
tion is probably die instinctive pre¬ 
ference for certain values, dial is the 
attitude which rates intellectual effort 
and spiritual achievements higher dian 
material advantage. Such a valuation 
can be the result of only a long cul¬ 
tural development of environment and 
public spirit which is difficult to obtain 
by government aid or even by more 
intensive training m mathematics, The 
most effective means may consist of 
transmitting to tire young mind the 
beauty of the intellectual work and the 
feeling of satisfaction following a great 
and successful mental effort, 5 

This section here aims to give a 
taste of creative intellectual adventure 
to the young Indian students with the 
hope that once they have tasted the 


fruits oi intellectual efforts, they will 
never foiswear it iu their latci life, 
They may or may not become mathe¬ 
maticians later on, and this is imma¬ 
terial; but it is hoped that they will 
letain a taste for die type of intellec¬ 
tual client represented in the solution 
of such problems. This section is 
meant for all students and teaeheis of 
mathematics and science in schools. We 
would however, value die active parti¬ 
cipation of all those who find mathe¬ 
matical problems intellectually exciting 
and who may like to take to proposing 
and solving mathematical problems as 
a hobby, Such persons may be physi¬ 
cists, chemists, biologists, economists 
and even lawyers, judges and business¬ 
men, In fact non-pi ofessional mathe¬ 
maticians’ have always participated in 
intellectual mathematical activities and 
their participation has been responsible 
for the creation of the intellectual 
climate in which mathematics has pros¬ 
pered. 

The problems proposed hcie will be 
entirely different from the drill pro¬ 
blems occuring in textbooks. They will 
be elementary in the sense that no 
techniques beyond those taught at the 
secondary school level will be requir¬ 
ed for their solution. The problems 
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will however, luquiro a great deal of 
thinking and ingenuity and an insight 
into the naluie of the mathematical 
structures taught in schools. Some of 
them may be easy and may require a 
few minutes of dear thinking, while 
others may requite hours of intensive 
intellectual effort. 

We publish heie the first set of pro¬ 
blems: 

551. Multiply 89 by 87 by using (i) 
the multiplication table of 2 
only (ii) the multiplication 
tables of 2 and 3 only (iii) the 
multiplication tables of 2, 3 
and 4 only. You may use 
scales to bases 2, 3, 4 respec¬ 
tively. 

552. Show that: 

1 ■ 1 1 . J_ 

n—3 h n—2 ' n 1 n 

. J__ , _L_ , 1 

n-f-l n 1 2 ! n f 3 ’ 
where n is au integer greater than 
3, cannot be expressed as a terminating 
decimal. 

553. Find an arrangement of 36 
numbers in 6 rows and 6 col¬ 
umns which is such that when 
we select, out of these 36 num¬ 
bers, six numbers of which no 
two belong to the same row or 
same column i.e., if we take only 
one number from eadi row and 
only one number for each 
column, the sum of the 6 select¬ 
ed numbers always comes out 
to bo 1967. Generalize your 
result to give a general method 
for arranging n* numbers in n 
rows and n columns such that 
the sum of the n numbers, one 


from each low and one from 
each column, is a given num- 
bei in. 

SS4. .Suppose in SS3 wo take u : -20 
in- -1967 and suppose it takes 
one second to choose 20 num¬ 
bers, one in each row and one 
m each column and check that 
the sum is 1967, estimate how 
many years it would take to 
verify all the possible sums, for 
a given square array. Flow 
many yeais would be required 
if m—30 ? 

SS3, Suppose in SS3, instead of the 
sum of the n selected numbers 
being m, we require their pro¬ 
duct to be a given number m. 
Is it possible to solve this pro¬ 
blem for all values of n and m? 
Solve the problem for n—3, 
m-5040. 

3S6. Use all digits 1 to 9 once and 
only once and the plus sign to 
get die sums 99, 1368, 19134, 
100008. 

SS7. In every possible answer to 
SS3, we can find the following 
two numbers (i) the minimum 
number in each row and then 
the greatest of these row mini¬ 
ma (ii) the maximum number 
in each column and then die 
smallest of these column maxima. 
1’iovo that in every case the first 
number will be. less than or 
equal to the second number. 

SSS, Write all numbers from J to 
50 in terms of four 4\s and the 
symbols +, —, X, -*■ and de¬ 
cimals, 

(Selected* 
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e.g- 


the integial part 
if [61=6, 17.4] 

=7, [0.5"]=0, [-1.5]=-2and 
if n and k are positive integers 
and k is greater than 1, then 
prove that 


(i) 


r 2n'~L r n Ij-F HiLl 

[tJWL k J 


(ii) for any number x, 

[x]+[x+l]+t*+2] + •• 
n n 
+rx+n-i]=[nx3 
n 


(Selected') 


SS10. Find the smallest integer whose 

value is trebled if the left hand 

digit is transferred to the right 
W end. (Selected) 


SS11. If ai, a 2 , a„ .’ 

are positive numbers whose 
sum is A, then show that 

aia 2 +a 3 a 3 +a 3 a 4 . +a fl _ra„ 

s£A a /4 

(Selected) 
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unique, write down the general 
solution. 

SS 13 . All the even integers begin¬ 
ning with 2 arc written succes¬ 
sively (that is as 2 4 6 8 10 12 

14 16 18 20-) which digit 

occupies the 100,000th position? 
Which digit will occupy the 1 
100,000th position if all multi¬ 
ples of 3 are written in die same 
manner? 


SS14. 


(i) nine 
-TEN 
TWO 


(ii) SEVEN 
-NINE 


EIGHT 
Find what digits should replace 
the letters so that die above 
subtraction sums may be cor¬ 
rect? 

(Selected) 


SS15. Fill in numbers in the hexagons 
(below) so that the sum of every 
row of 3 hexagons is 30, of every 
row of 4 hexagons is 40 and of 
every row of 5 hexagons is SO 
The rows can be horizontal or 
inclined 

(Adapted) 


SS12. 


The following are n simul¬ 
taneous equations in the 


unknowns Xj, x 2 ,. . x„ 


xi + x 2 + x 3 
x 2 + X 3 + X 4 
x 3 + X 4 + x 5 

X 4 + X 6 + X 0 


+ x 5 = 0 
4- x 9 = 0 
+ x 7 = 0 


._ 3 +x fl -a 4 x fl i+x tt - 0 

,-2+Xn-l+Xn+Xi - 0 
^i+Xn+Xi+X, = 0 

n +Xr+Xa+x 3 =0 

'or what values of n do these 
quations have a unique solu- 
ion ? When the solution is not 
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PROGRAMME OF SUMMER INSTITUTES 

SUMMER SCIENCE INSTITUTES (1963-66) 

During the period 1963-66, the University Grants Commission in collaboration with the 
National Council of Educational Research and Training and United States Agency for International 
Development organized at various universities, 112 summer institutes in science and mathematics 
for teachers from high/highcr secondary schools /PUC,'Intermediate colleges attended by 4,299 
teachers in mathematics, physics, chemistry and biology. The number of institutes held during this 
period and the enrolment at the institutes arc given below: 


No. of Participants 


Year 

Mathematics 

Physics 

Chemistry 

Biology 

No. of Institutes 

1963 

34 

43 

38 

39 

4 

1964 

169 

170 

148 

153 

16 

1965 

616 

488 

464 

261 

49 

1966 

490 

468 

410 

308 

43 

Total 

1,309 

1,169 

1,060 

761 

112 


The total number of American consultants associated with the academic programme of the 
institutes was 212. 

Programme Tor 1967 

In the summer of 1967, 61 summer institucs will be organized : Biology 13, Chemistry 16; 
Mathematics 15; Physics 17. 

LOCATION AND DURATION OF SUMMER INSTITUTES 


SI University 

No. 

Institute 

Dates 

Regions Covered by 
the Institute 

Director 

1 2 

3 

4 

5 

EASTERN ZONE 


BIOLOGY 


1. Ranchi University, 
Ranchi 

15 May- 
24 June 

Bihar, West Bengal 
Assam, NEFA 
Nagaland, Manipur 
anu Tripura 

Prof, K.C. Bose, Head of the 
Depth of Zoology, Ranchi Uni¬ 
versity, 

2. Regional College of 
Education, Bhubane¬ 
shwar 

1 May- 
10 June 

Training Colleges 
and Orissa 

Dr. (Mrs.)G.R. Ghosh, Reader 
in Botany, Regional College of 
Education, Bhubaneshwar. 

NORTHERN ZONE 




3. Agra University (Agra 
College), Agra 

15 May- 
24 June 

Uttar Pradesh 

Prof. C.P. Singh, Head of the 
Depth of Zoology, Agra College, 
Agra, 
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1 2 

3 

4 

5 

4 Delhi Univeisity, 

Delhi 

5 June- 
10 July 

Delhi and Haryana 

Pi of H.R. Seshachai, Head of 
die Deptt oT Zoology, Delhi 
University 

5. Gorakhpur University, 
Gorakhpur 

15 May- 
24 June 

Uttar Piadcsh 

Prof 11.S, Chowdhury, Head of 
the Deptt of Zoology, Ciorakii- 
pm University. 

6. Punjab University, 
Chandigaih 

l May- 
10 June 

Punjab and Jammu 
and Kashmir 

Prof P.N. Mchra, Head of the 
Deptt. of Botany, Punjab Uni¬ 
veisity. 

WESTERN ZONE 




7 Gujarat University, 
Ahmedabad 

20 May- 
30 June 

Gujarat and 

Rajasthan 

Dr M.S. Dubalc, Reader and 
Head of the Deptt of Zoology, 
Guiurat University, School of 
Sciences, Ahmedabad. 

8 Marathwada University, 
Aurangabad 

15 May- 
24 June 

Maharashtra 

Prof. K.B, Deshpandc, Head of 
the Deptt. of Botany, Marath¬ 
wada University. 

9 Poona University, 

Poona 

22 May- 
1 July 

Mahaiashtra and 
Madhya Pradesh 

Prof. 1 ,S Mdhubale, Head of the 
Deptt nT Botany, Poona Uni¬ 
versity 

10, Regional College of 
Education, Ajmer 

1 May- 
10 June 

Training Colleges 
and Rajasthan 

Dr. B.S, Shiva Rao, Regional 
College or Education, Ajmer. 

SOUTHERN ZONE 




11, Kerala University 
Centre, Calicut 

24 April- 
3 June 

Kerala and 

South Mysore 

Dr. K.J. Joseph, Readci in Zoo¬ 
logy, Kerala University Centre, 
St. Joseph College, Devagiri, 
Calicut. 

12. Madurai University, 
Madurai 

24 Apiit- 
3 June 

Madras 

Prof. S. Krishnnswamy, Depart¬ 
ment of Zoology, Madurai 
Univcisity 

13. Osmanm University, 
Hyderabad 

1 May- 
10 June 

Andhra and 

North Mysore 

Prof. M.R Suxenn, Head of the 
Deptt. of Botany, O.smania Uni¬ 
versity. 


CHEMISTRY 


EASTERN ZONE 




14 Jadavpur University, 
Calcutta 

1 May- 
10 June 

West Bengal and 
Orissa 

Dr. A.K C ‘ R ' r 

in the < , 

Jadavpur University. 

15. Patna Umveisity, 

Patna 

1 June- 
15 July 

Bihar, Assam, 
Nagaland, NEFA 
Manipur and Tripura 

Prof, J.N. Chattcrjec, Deptt. of 
Chemistry, Patna University. 

L 

NORTHERN ZONE 




16, Banaras Hindu Univer¬ 
sity, Varanasi 

15 May- 
24 June 

East Uttar Pradesh 

Prof. G.B. Singh, Head of the 
Deptt. of Chemistry, Banaras 
Hindu University. 
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1 2 

3 

4 

5 

17 Lucknow University, 
Lucknow 

29 May- 
7 July 

West llllar Pradesh, 
Delhi and I taryana 

Dr I, N Srivastava, Deptt. of 
Chemistry, I ucknow University 

18 . Punjab University, 
Cliandigaih 

1 May- 
10 June 

Punjab, Jammu and 
Kashmir and 
Himachal Pradesh 

Prof. R.C. Paul, Head of the 
Deptt, of Chemistry, Punjab 
University. 

WESTERN ZONE 




19 Jodhpur University, 
Jodhpur 

24 May- 
1 July 

Rajasthan and 
Ciujarat 

Ptof. R C. Kapoor, Head of the 
Deptt. oT Chemistry, Jodhpur 
University 

20, Nagpur University, 
Nngpm 

1 May- 
10 June 

Maharashtra 

Prof G V. Asolkar, Principal, 
Institute of Science, Nagpur 

21. Regional College ol‘ 
Education, Bhopal 

22, Shivaji University, 
Kolhapur 

23 Vikrnut University, 
Ujjain 

1 May- 
10 June 

22 Mav- 
1 July 

15 Mnj- 
24 June 

'Imining colleges and 
Madhya Pradesh 

Maharashtra and 

Goa 

Maharashtia and 

Goa 

Dr. KS Vishwanathan, Head 
of the Deptt. of Chemistry, 
Regional College of Education, 
Bhopal, 

Prof. R.D. Shingle, Head or the 
Deptt. of Chemistry, Shivap 
University 

Prof. W.V. Blugwat, Head of the 
Department of Chemistiy, 
Vikram University. 

SOUTHERN ZONE 




25, Annamalai University, 
Annamaiainagnr 

24 April- 
3 June 

Madras 

Dr. M. Balasubramanian, Reader 
in the Depit. of Chemistry, 
Annamalai University. 

26, Bangalore Umveisity 
(Central College) 
Bangalore 

1 May- 
10 June 

Mysore 

Dr. M. Sbudaksharaswamy, 
Principal, Central College 

Bangalore 

27. Kerala University 
Centre, Ernakulam 

24 April- 
.3 June 

Kerala 

Prof. M.V Varghesc, Head of the 
Deptt. of Chemistry, Sacred 
Heart College, Thcvera, Erna¬ 
kulam. 

28. Osmania University, 
Hyderabad 

15 May- 
24 June 

Hyderabad and 
neighbouring areas 

Dr. V,R. Srinivasan, University 
College of Science, Osmania 
University. 

29. Regional College of 
Education, Mysore 

1 May- 
10 June 

Training Colleges 
and Mysore 

Dr. S.R. Rao, Reader in Chemis¬ 
try, Regional College ot Educa¬ 
tion, Mysore. 


M A 

T 11 K MATICS 


EASTERN ZONE 




30, Bhagalpur University, 
Bhagalpur 

1 Jtinc- 
14 July 

Bihar 

Prof. R.K, Choudhary, Head 
of the Department of Mathema¬ 
tics, Bhagalpur Univeisily. 

31 Gauhati University, 
Gauhati 

15 May- 
24 June 

Assam, Tripura, 
NEFA, Nagaland 
and Manipur 

Slid B.K. Tamuh, Deptt. of 
Mathematics, Gauhati tbiiver- 
sity. 
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1 2 

3 

4 

5 

32 Jadavpur University, 
Calcutta 

1 May- 
10 June 

West Bengal 

Dr. T).K. Sinha, Reader in the 
Deptt. of Mathematics, Jadnv- 
pur University. 

33. Patna University, 

Patna 

15 May- 
24 June 

Bihar and Orissa 

Pror. R. Shukla, Head of the 
Deptt. of Mathematics, Patna 
University. 

NORTHERN ZONE 




34. Delhi University, 

Delhi 

22 May- 
1 July 

Delhi and Plaryana 

Shi i P.D. Gupta, Principal, 
Rainjas College, Delhi. 

35. Jammu and Kashmir 
University, Srinagar 

17 July- 
30 August 

Jammu and Kashmir 

Shri Jan Mohammad, Deptt. of 
Mathematics, Jammu and 

Kashmir University. 

36 Kanpur University, 
(D.A.V. College), 
Kanpur 

15 May- 
24 June 

Uttar Pradesh 

Prof. S.P. Nigam, Head of the 
Deptt. of Mathematics, D.A.V. 
College, Kanpur. 

37. Kurukshetra University, 
Kurukshetra 

15 May- 
24 June 

Punjab and 

Himachal Pradesh 

Dr C. Mohan, Deptt. of Mathe¬ 
matics, Kurukshetra University. 

WESTERN ZONE 




38. Jabalpur University, 
Jabalpur 

22 May- 
1 July 

* 

Maharashtra 

Dr. T. Pati, Reader and Head 
of the Deptt. of Mathematics, 
Jabalpur University. 

39. Jiwajl University, 
Gwalior 

22 May- 
1 July 

Gujarat 

Prof S. K, D. Gaur, Government 
Science College, Gwalior, 

40. Rajasthan University, 
Jaipur 

15 May- 
24 June 

Rajasthan 

Dr. G.C. Patm, Head of the 
Deptt. of Mathematics, Rajas¬ 
than University, 

41. Regional College of 
Education, Bhopal 

1 May- 
10 June 

Training college and 
Madhya Pradesh 

Principal P D. Sharma, Regional 
College of Education, Bhopal. 

SOUTHERN ZONE 




42. Bangalore University, 
Bangalore 

1 May- 
10 June 

Mysore and 

Madras 

Prof. F.J Noronha, Head of the 
Deptt of Mathematics, Banga¬ 
lore University. 

43. Kerala University, 
Trivandrum 

1 May- 
10 June 

Kerala 

Dr. C.T. John, Deptt. of Mathe¬ 
matics, Mar Thoma College, 
Thiruvalla. 

44 Osmama University, 
Hyderabad 

1 May- 
10 June 

Andhra 

Prof. J. Ramkanth, Deptt, of 
Mathematics, Osmania Univer¬ 
sity. 

EASTERN ZONE 


PHYSICS 


45, Gauhati University, 
Gauhati 

15 May- 
24 June 

Assam and 

West Bengal 

Prof. Harldeb Goswami, Deptt 
of Physics, Cotton College, 
Gauhati 

46 Patna University, 

Patna 

6 May- 
15 June 

Bihar and Orissa 

Prof. M. N. Verma, Physics 
Depth, Patna University. 
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47 Regional College of 
Education, 

Bhubaneshwar 

1 May- 
10 June 

Training Colleges 
and Orissa 

Dr S.K. K u ml u, Readei m 
Physics, Regional College ol 

1 ducatiou, Bhubaneshwar 

NORTHERN ZONE- 




48. Agra University 

(Agra College), Agra 

15 May- 
24 June 

Delhi and Haryana 

Prof, D.R. Khundelwal, Head 
of the Deptt. of Physics, Agra 
College, Agra. 

49 Allahabad University, 
Allahabad 

22 May- 
1 July 

Uttar Pradesh 

Shri Rajcndra Singh, Reader in 
the Deptt. of Physics, Allahabad 
University. 

50. Banaras Hindu Univer¬ 
sity Varanasi 

15 May- 
24 June 

Uttar Pradesh 

Deptt. of Physics, Banaras Hindu 
University. 

51. Lucknow University, 
Lucknow 

5 June- 
14 July 

Punjab and 

Himachal Pradesh 

Prof P.N. Sharnra, Ilcad of the 
Deptt. of Physics, Lucknow 
University. 

52. Punjab University, 
Chandigarh 

[ May- 
10 June 

Jammu and 

Kashmir 

Prof. TJ.M. Anand, Head of tiie 
Deptt. of Physics, Punjab Uni¬ 
versity. 

WESTERN ZONE 




53. Marathwada University, 
Aurangabad 

1 May- 
10 June 

Maharashtra 

Prof. B.B, I aud, Head of die 
Deptt. of Physics, Marathwada 
University. 

54. Saugar University, 

Sagar 

ft May- 
17 June 

Madhya Pradesh 

Dr. J.D. Ranadc, Reader m 
the Depth of Physics, Saugnr 
University. 

55 Saidar Patel University, 
Yallabh Vidyanagar 

1 May- 
10 June 

Gujarat 

Prof. A.R. Patel, Head of the 
Deptt. of Physics, Sardnr Patel 
University, 

56, Udaipur University, 
Udaipur 

15 May- 
24 June 

Rajasthan 

Prof. J. Vermn, Deptt. of Physics, 
Udaipur University. 

57 Regional College of 
Education, Ajmer 

1 May- 
10 June 

Training colleges 
and Rajasthan 

Dr. D.C. Pandey, Head of the 
Deptt of Physics, Regional- 
College of Education, Ajmer. 

SOUTHERN ZONE 




58, Andhra University, 
Waitair 

1 May- 
10 June 

Andhra 

Prof, T. Tiruvcngunna It no, 
Deptt. of Physics, Andhra Uni¬ 
versity. 

59. Annamalai University, 
Annamalainagar 

8 May- 
17 June 

Madras 

Prof. S. Sriraimn, Head of the 
Deptt. of Physics, Annamalai 
University. 

60. Bangalore University 
(Central College), 
Bangalore 

1 May- 
10 June 

Mysore 

Prof K.N. Kuchcla, Deptt. of 
Physics, Ccntial College, 

Bangalore. 

61 Kerala University 

Centre, Alwaye ’ 

24 April- 
3 June 

Kerala 

Prof. K. Vcnkatesvvariu, Head 
of the Deptt. of Phjsics, Union 


Christian College, Alwayc. 



News and Notes 


EXPERIMENTAL PROJECT FOR 

TEACHING OF SCIENCE AND 

MATHEMATICS UNDER UNESCO 
TECHNICAL ASSISTANCE 
PROGRAMME 

With the decision that the mateiials 
developed under the Experimental Pro¬ 
ject will be introduced in class VI of 
104 central schools with effect fiom 
July 1967, necessaiy steps have been 
taken to get the required number of 
textbooks and other instructional mate¬ 
rials printed in time. Two new schools, 
the Delhi Public School and the Spring- 
dales School have also joined the pro¬ 
ject tins year. 

The following manuscripts have been 
sent to the Publication Unit for print¬ 
ing- 

1. Arithmetic and Algebra for Class 
VI in Hindi. 

2. Arithmetic and Algebra for Class 
VI m English. 

3. Geometry for Class VI in Hindi. 

4. Geometry for Class VI m English. 

5. Physics for Class VI in liindi. 

6. Physics for Class VI in English, 

7 Biology for Class VI in Hindi. 

8. Biology for Class VI in English. 

9, Curriculum Guide-Arithmetic and 
Algebra for Class VI. 


10. Curriculum Guide for Geometry 
in Class VI. 

11. Curriculum Guide for Physics in 
Class VI. 

12 Curriculum Guide for Biology in 
Class VI, 

The draft text materials of class VII 
chemistry have been printed in Hindi, 
English version of the same has also 
been prepared. Curriculum Guide and 
Teacher’s Guide for class VII chemis¬ 
try are also ready. 

A draft programme of 15 days’ sum¬ 
mer refresher course has also been pre¬ 
pared. 

Teacher’s Handbook of General Science 
for Classes I to V 

The manuscript for the third volume 
of the handbook comprising of tire units 
on biology, human body, health 
hygiene, and safety and first aid has 
been completed and sent to the Publi¬ 
cation Unit, It is hoped that the Teach¬ 
er’s Handbook of Science will be out 
within a couple of months. 

Curriculum Project-Study Groups 

The Directors of the Biology Study 
Groups met on 11 February 1967 to dis¬ 
cuss the syllabus in biology developed 
by tire different groups. They decided 
to expand the topics by writing related 
instructional materials. 
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A meeting of the Physics Study Group 
was held at Jaipur on 6 and 7 
March, 1967. 

Two meetings of the Chemistry Study 
Groups were held at Poona and Hyder¬ 
abad on 23 to 25 February, 1967 and 
28 to 31 March, 1967 respectively. 

National Science Talent Search Scheme 

The Science Talent Search Examina¬ 
tion 1967 was held on 1 January, 1967 
at about 330 centres spread throughout 
the country. 

A meeting of the Directors of the 
Summer Schools, proposed to Ire orga¬ 
nized for the awardees of the Science 
Talent Search Scheme at different 
places in India during tlio summer of 
1967, was held at the Department of 


Science Education on 27 and 2S 
February, 1967 

At this meeting the entire programme 
of the summer schools was reorganized. 
It was decided that the schools will 
be held olasswi.se and subjectwise. Fur¬ 
ther, M.Sc. students will be attached to 
National Laboratories for higher type 
of research project work, 

An informal meeting of the Science 
Talent Search awardees of Delhi toui- 
toiy was convened on 6 Mar eh, 1967 at 
Ilans Raj College, New Delhi. At this 
meeting it was decided that an All 
India Organization of Science Students 
should he organized tlnough the initia¬ 
tive of the Science Talent Search 
Scheme scholars and a cprarlerly jour¬ 
nal on scientific themes should be 
brought out. 


“BASYNTH” 

ROTARY 

VACUUM PUMP 

Oil-Sealed Type 

^Available In wide range of models to 
suit the needs of Scientific Research 
Workers and Technologists. 

* * * 

MADE IN INDIA 

Entirely By Indian Skill 4 Materials. 

Model : DRY/20, Single Stage- 

Combined Rough Vacuum and 
Pressure Pump for Manual Drive. 
May be driven by power also 
through V-Belt. Vacuum attain¬ 
able: 30 Inches of Mercury. 

Dependable Vacuum 

Manufactured by ; 



Pump for elementary science classes, 


Basic & Synthetic Chemicals, Private Ltd., 

25, East Road, Jadavpur, Calcutca-32. 




Books for your science library 


METALS, ATOMS, ALLOYS . C. L. 
McCabe and C, L. Bauer, Vistas of 
Science 9. 50c. 

This book on Metals, Atoms and Al¬ 
loys describes bow scientists and tech¬ 
nologists apply knowledge of the be¬ 
haviour of atoms >to the ancient art of 
metallurgy. Metallurgy, as the authors 
present it, deals with the basic sciences 
of physics and chemistry and with cer¬ 
tain aspects of engineering concerned 
with metals—from the reduction of the 
ore of the metal to the attainment of 
desired properties m tire final product. 
The readers are taken to the world of 
crystals wherein lies the answer to the 
question, 'What is a metal?’ 

Tire book tries to relate the basic 
principles taught m high school science 
courses to some of the technical pro¬ 
blems encountered by metallurgists. 
There is a last section of the book which 
deals with 'Projects and Experiments’. 
Each experiment illustrates at least one 
important metallurgical principle. 

NUTRITION, SCIENCE AND YOU, 
Mickelsen, Olaf. Vistas of Science 
10; Produced by National Science 
Teachers Association. Scholastic Book 
Services, Division of Scholastic 
Magazines, Inc., New York, 50c, 

In an earlier issue (School Science 


3 (3) 1904) tire, other books in this series 
Vistas of Science were reviewed. Three 
nroio titles have been published since 
then. Nutrition, Science and You is the 
tenth of the series. This booklet tells 
the story of man's great intellectual 
quest to understand the relationship of 
loot! to lu's well-being, A century ago, 
the nutrition scientists found that chang¬ 
es in diet could save* men’s lives, To¬ 
day they strive, to learn more about tha 
chemistry of food and the necessity to 
feed all the earth’s people. In its nine 
chapters on different topics, the facts 
about the historical development of 
man’s knowledge about the effect of 
food are well interspersed with discus¬ 
sions of the research conducted to test 
hypotheses and to search continuously 
for greater knowledge. 

In the first few chapters the major 
essential components like water, pro¬ 
teins, fats and carbohydrates are des¬ 
cribed and in the later chapters, the 
vitamins and minerals. There is a 
chapter on growth and development 
and another on the challenge of re¬ 
search. There arc some good selected 
readings given for those who are inte¬ 
rested in the subject. Tire book is very 
useful to learn not only about the 
chemistry of food but also about the, 
food and its relationship to man’s life. 
The important details given here will 
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usefully supplement the knowledge 
gained in a classionm. 

LIFE BEYOND THE EARTH. 

Samuel Mot tat and EHe, A. Sehncour. 
Vistas of Science 11. 50c. 

Whether life as wc know it on oartli 
exists on other planets has beem an ex¬ 
citing speculation by the scientists as 
well as laymen. But with the planned 
probes by man, to the moon and oven 
venus, the speculations are no longer 
fancies. The search for life is on in 
earnest, The authors explore the thril¬ 
ling possibilities of life elsewhere in the 
iiniveise in this book. It presents an 
analysis of key role played by the car¬ 
bon atom in the chemical evolution of 
terrestrial life, an examination of cur¬ 
rent theories concerning the develop¬ 
ment of life in our and other solar sys¬ 
tems, and a discussion of space probes, 
life detection devices, and man’s at¬ 
tempts to hear signals sent by in¬ 
telligent life on distant worlds. Tire 
book is interesting as well as informa¬ 
tive. 

S. DORAISWAJ.H 

SENIOR SCIENCE FOR HIGH 
SCHOOL STUDENTS. 

Part II Chemistry. Nuclear Research 
Foundatron with the University of 
Sydney, Australia p. 443. 1953, 

The tremendous increase in scientific 
knowledge coupled with the spectacu¬ 
lar achievements of the USSR in the 
field of nuclear and space research have 
caused every country to set up and re¬ 
vise their pattern of science education 


.suited to its own envn onmental socio¬ 
economic conditions. The National 
Science Foundation in the USA, the 
Nuffield Foundation Pi eject in the UK, 
and the Nuclear Research Foundation 
at the University of Sydney in Australia 
have all taken up this important re¬ 
vision and modemi/nlion of the science 
curriculum. 

It is still a debatable point whether 
science should he taught in school as an 
integrated whole 'general science’ or 
as sepaiate disciplines. We in India 
have opted for the latter scheme and it 
is expected that science will be taught 
as separate disciplines during the 
last six years of the high schools 
in India. 

In Australia, however, the nuclear re¬ 
search foundation gioup have decided 
to teach the- subjects of physics, chemis¬ 
try, biology and geology in an integra¬ 
ted form, in one course, and thus the 
book ’Science for High School Students’ 
lias been produced (reviewed Vol. 3 
No. 2, 1964 p, 209) by NRF of 
the University of Sydney. The book 
under review is an extension of the 
above mentioned book. It has been 
written for die last two years of school 
course during which period physics, 
chemistry and biology would be taught 
as separate disciplines, 

As Prof. Messol puts it ‘In Science for 
High School Students the disciplines arc 
integrated in a strong fashion, in Senior 
Science for High School Students the 
integration is of a more tenuous nature 
—we say the disciplines are inter¬ 
locked’. 
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The present review concerns only 
with Part II of Senior Science For High 
School Students, the section dealing 
with chemistry. 

There arc 21 chapters* in thus book 
and the treatment is quite modem and 
novel. Contrary to the practice in 
many other textbooks wherein an enor¬ 
mous volume of disjointed facts and ob¬ 
solete processes are arrayed, the topics 
chosen in this book are directed towards 
the inculcation of important scientific 
principles without, however, completely 
ignoring essential factual knowledge. 
The main body of the chapter is fol¬ 
lowed by a summary and then ques¬ 
tions. These are followed by practical 
work and finally by a list for further 
reading. It is an excellent treatise 
which should find a place in every 
school library. It is also eminently 
useful for the more brilliant of our stu¬ 
dents who wish to continue the study 
of die subject In short it is 'An ex¬ 
cellent work’. 

*Chapter headings 

1. The behaviour of gases. 2. Reac¬ 
tion between gases and the formulae of 
substances. 3. Chemical equations. 4. 
Energy in chemical reactions. 5. Energy 
and chemical bonding, 6. The elements, 
7. Halogen compounds. 8. Oxides. 
9. Chemical periodicity. 10. Atomic 
structure and its history. 11. Chemi¬ 
cal bonds and shapes of molecules. 
12. Ions and crystals. 13. Hydro¬ 
gen compounds. 14. The hydrides of 
carbon and some related compounds, 
15, Solutions and chemical equi¬ 
librium, 16, Adds and bases, 17. Elec¬ 


tron transfer reactions. 18. Substitu¬ 
tion and addition reactions. 19. 
Mechanism and rates of chemical re¬ 
actions. 20. Transition metals and 
oxidation states. 21. Complex com¬ 
pounds. 

C, UADIIAKKISHNAN 

NUFFIELD BIOLOGY 

The Nuffield Foundation Science 
Teaching Project Biology. Teacher’s 
Guido 1: Introducing living things. 
pp. xviii + 152, 15s. Text: pp: x + 179. 
15s, 6d. Teacher’s Guide 2: Life and 
living processes . pp. xviii + 125. 15s. 
Text: pp. 162. 13s. Teacher’s Guide 3: 
The maintenance- of life. pp. xviii 4- 248. 
20s, Text: iip. vii-l-238. 17s. 6d. Teach¬ 
er’s Guide 4: Living thing in action, 
pp, xviii+205. 20s. Text: pp. 313. 21s, 
Keys in small Organisms in soil litter 
and t voter troughs, pp, 27, 2s. (Lon¬ 
don): Longmans, Green and Co., Ltd.; 
I-Iarmondsworth, Middx.: Penguin Books 
Ltd., 1966. Published for tire Nuffield 
Foundation. 

^HESE books consist of a series of 
student texts and teaching guides, in¬ 
tended to cover 5 years’ work in biology 
from age 11 to 16, leading to "O” level 
at age 16. The examining boards for 
tiro General Certificate of Education 
(GCE) have agreed to sot alternative 
examinations on this syllabus, and the. 
first candidates, fiom schools which 
have been experimenting with the 
scheme, took the examination in 1965. 
The books have been prepared under 
die direction of the Nuffield Foundation 
by a group of teachers seconded for the 
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purpose, with advice from scientists in 
universities and research institutions, 
and with the help of teachers and pupils 
in 170 schools which have tried out the 
syllabus in whole or in part, and have 
reported on their experiences, In ad¬ 
dition to the books, a number of 8 mm 
films have been prepared, and costed 
lists of the apparatus required arc avail¬ 
able. Although the syllabus has been 
planned as a coherent whole, the 
authors believe that the final 3 years 
could be used without the first two, and 
that particular experiments should be 
introduced into a more orthodox 
syllabus. 

I find it difficult to restrain my en¬ 
thusiasm for these volumes. They .seem 
to me admirable both in what they at¬ 
tempt to do, and in the way in which 
they do it. Science is presented as an 
activity directed to the solving of pro¬ 
blems and the satisfaction of curiosity. 
On page after page, experiments are 
described which will enable children to 
answer for themselves questions about 
how animals live. One of the great 
potential virtues of Biology as a school 
subject is that it abounds in problems 
which can be answered with little or no 
apparatus in a school classroom. It 
therefore lends itself to teaching the 
scientific method, which is, after all, 
intended for the solution of problems’ 
and not for demonstration of truths 
stated in textbooks. Another virtue of 
biology as a school subject is that its 
problems are not abstract ones of inte¬ 
rest only to the philosophically minded, 
but have an obvious human relevance. 
This relevance is also admirably brought 
out. 


But what differentiates these volumes 
from other textbooks is not their objec¬ 
tives but the care with which they have 
been prepared. Reading the pupils’ 
texts and the teachers guides, it is at 
once appaient how much has been 
gained by trying out the syllabus in a 
variety of schools before presenting it 
in its present form. All sorts of snags 
are pointed out, and the methods of 
avoiding them explained, with a degree 
of foresight which could not be achiev¬ 
ed in any other way. The result is a 
series of suggestions for experimental 
work which are at the same time ambi¬ 
tions and practicable. 

Is too much being asked, either of 
pupils or of teachers ? This question is 
bound to he asked. The best answer is 
that these courses have already been 
followed successfully in many schools 
which have been collaborating with the 
Nuffield Foundation. If the syllabus 
seems modem in comparison to that fol¬ 
lowed in many university courses in 
biology, it is because they are still in 
many cases following a direction which 
was anachronistic when it was laid 
down a hundred years ago by T, H. 
Huxley. 

It seems clear that the syllabus is one 
which children can follow, and that 
teachers, given adequate facilities, ean 
teach, But will teachers be given ade¬ 
quate facilities? A course consisting of 
experiments on living organisms is in¬ 
evitably more expensive, both in appara¬ 
tus and time, than the examination of 
dead material. But if new methods of 
teaching will help to produce a genera¬ 
tion of school children for whom science 
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is a means of satisfying curiosity, in- will surely have been worth it. 
stead of the impersonal, incomprehensi¬ 
ble and often distasteful business, it so MAYNAnD SMm ' 

often is today, the small additional cost From NATURE, V< 


From NATURE, Vol. 212, 


BIOLOGY 

A Model Textbook for Higher Secondary Schools 

This comprehensive Biology book lias been developed by a panel of 
experts set up by the National Council of Educational Research and Train¬ 
ing. A special feature of this textbook is that it takes into account the most 
recent developments in the field. The book has been prescribed in all higher 
secondary schools affiliated to the Central Board of Secondary Education, 
New Delhi. 


AVAILABLE IN FIVE HANDY VOLUMES 


Some Basic facts about Life 
The Diversity of Plant Life 
The Diversity of Animal Life 
Plant and Animal Physiology 
Self Perpetuation and Reproduction 
Evolution, Heredity and Adaptation 
General 


Section 1 
Section 2 
Section 3 
Section 4 
Section 5 
Section 6 
Section 7 


Rs. 2.25 
Rs. 2.75 
Rs. 4 00 

Rs. 3.50 
Rs. 4 00 


For copies please contact 


The Business Manager 
Publication Unit 

National Council of Educational 
Research and Training 
B 31, Maharani Bagh 
New Delhi 14 




Synthetic 
High Molecular 
Substances : i 

V. A, Gukiwskov 
ami C. IUoiiakmsiinan 


pjIGH molecular substances are those 
which have high (large) molecular 
weights. The molecular weights of 
these substances are expressed by tens, 
thousands, lakhs, and millions of oxygen 
units. These substances are also call¬ 
ed polymers. 

Molecules of high molecular subs¬ 
tances are much bigger and occupy 
a larger space than molecules of subs¬ 
tances with small molecular weights. 
That is why high molecular substances 
are called macro-molecules. But the 
structure of macro-molecules is simpler 
than some substances with low mole¬ 
cular weights, e.g., dyes and drugs. 

It can be shown that molecules of 


pulymcis are built up from simple, 
units, by repetition of those units 
several times, eg., CH, CH,, C H a CH.,~ 
The nnmbei oi units which make up 
the chain is called the degree of poly¬ 
merization or coefficient of polymeriza¬ 
tion. The difference, between high 
molecular substances and those having 
lower molecular weights is that all 
macro-molecules do not have the same 
length of chain, i.e„ they consist of 
different number of elemental units. 
So a polymer is a mixture of polymer- 
homnlognes with different degrees of 
polymerization. But in this case they 
have the same, properties, because they 
have the same struct me. The mole¬ 
cular weight of the polymer is the 
average of the polymer-homologues. 
Polymer-lion lologues consist of one 
substance but ordinary lronrologucs are 
different substances. 

Structure of Molecules, Important Pro¬ 
perties and Classification of Synthetic 
High Molecular Substances 

The properties of synthetic high 
molecular substances depend on the 
size of their macro-molecules, on their 
moloculai weights and on the structure 
of the elemental units. Most of the 
synthetic high molecular substances 
are organic compounds. Among them 
there are carbon-chain polymers which 
consists of elemental units of carbon, 
and hctcro-eliain polymers, which con¬ 
sist of elemental units with not only 
carbon, but other atoms as well for ex¬ 
ample O, N, S. Recently very impor¬ 
tant substances called silicon organic 
polymers with elemental units consist¬ 
ing of C, Si and O, have been evolved. 

Besides the structure of chain, the 
properties of polymers are greatly 
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influenced by functional groups, which 
consist of Cl, FCN, Oil etc., in their 
elemental units, e.g., (-CH 2 -CH-) n , 


CN 

Most of the high molecular substances 
aie non-volatile. 

The behaviour of high molecular 
substances diffeis on heating. Some of 
them soften and become liquefied, 
Others decompose on heating, without 
liquefying. High molecular substances 
dissolve with difficulty and even those 
which dissolve, do so slowly and their 
solutions are viscous. Many do not 
dissolve at all. The high molecular 
substances are characterized by high 
mechanical strength. These properties 
aie explained by the large force of 
theii inter-moleculai interaction, This 
foice is moie than the original force of 
chemical bond in the molecule. For 
example, for breaking a chemical bond 
between two caibon atoms (C—C) in a 
molecule like -CH 2 -CH 2 -CH 2 -CH 2 -, 
it is necessary to have 80 K. cals per 
gram mol, but foi separating two CH a 
groups of different molecules only i K 
cal is needed. But m the case of two 
paialle] molecules consisting of 100 
CH 2 groups each, it is necessary to 
spend much moie than 80 K. cals. Thus 
it is clear, why it is difficult to separate 
macio-molecules during melting or dis¬ 
solving During heating, sometimes 
breaking of C—C— bonds is easier 
than separating macio-molecules. Such 
strong inter-molecular interaction is the 
cause of the high mechanical strength 
of the polymers, The structure of ele¬ 
mental units also influence the strength 
of polymers, ■ When elemental units 


have polar groups, attraction between 
molecules is grcatci and the strength 
increases. For example, in molecules 
of polyelilorovinyl, electron pairs con- 
nocling atoms of caibon and chloiine 
in elemental units arc moved from C 
to Cl (— Cl I—) with the result tlmt the 

i 

atom of chlorine gets a part of the 
negative charge and the group —CH- 

ge's pait of the positive charge. 

(-CM-) 

I 

C1S- 

It is natural that with the presence of 
such charged units in another molecule 
of polymer, interaction between such 
units will bo moie strong than un¬ 
charged units. 

The special mechanical strength of 
polyamide fibres explains that besides 
inter-moleculai mtei action, there are 
also hydrogen bonds between positively 
chaiged atoms of hydrogen and nega¬ 
tively cliaiged atoms of oxygen in 
amide groups of different molecules. 
Such interaction may be demonstrated 
by taking the example of nylon. 

Tliis lias a great significance in the 
form of geometiical structures of mole¬ 
cules. 

There are three basic sliuctures of 
polymers: (i) linear (ii) branched and 
(iii) three dimensional. 

Linear: Macro-molecules have 

linear stiucluie if elemental units (A) 
produce a long chain of atoms. Such 
molecules aie also called "chain-mole¬ 
cules”. They have a veiy long macro¬ 
molecule, and look like a thread. We 
can desciibe a linear structure graphi¬ 
cally as .. . -A-A-A-A-A-A-. . , where A 
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is an eh mental unit. Among the imtuial 
polymeis of linear structure arc* cellu¬ 
lose and natural rubber and among 
the synthetic polymers are polyethylene, 
polychlorovinyl, nylon ole. 

Hianchcd: If tlu; chains have: 

bianehes which are produced during 
the production of polymeis such a 
structure is called a branched structure. 



log. 2 

Among the natural polymers having 
a branched structure is starch and 
among the synthetic polymers are the 
ones known as ‘grafting polymers’. 
These me discussed later. 

Three Dimensional: To pioduce the 
three dimensional structure, chains of 
polymers are joined in several parts, to 


one anuthei with the help of chemical 
bonds. Hv< n though it is difficult to 
represent a three dimensional stiucturo 
(in one plane) it may be: schematically 
shown as in Fig. 3. 


* 



I ig, 3. 


Such structures arc sometimes called 
extra-molecular structures. Here tho 
notion of the molecules is different 
from the usual one because all the linear 
or chain molecules of the samplo knit 
into one gigantic molecule As examples 
of lliice dimensional structures can be 
cited phenol formaldehyde and urea 
formaldehyde resins, and also vulcanized 
rubber in which molecules are knitted 
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toguthci with the help of sulphur into 
a three dimensional structure. 

The properties of the polymers men¬ 
tioned above depend on their stmclures. 
For example, substances with linear 
structure are elastic and on heating 
soften, and sometimes melt. They also 
dissolve. Substances with three dimen¬ 
sional structure do not dissolve or melt 
but they decompose on heating. These 
differences in tire properties of linear 
and three dimensional structures may be 
explained on the basis of the fact that 
the linear molecules in a three dimen¬ 
sional structure not only altiaet one 
another with the help of mter-molecular 
interaction but also have the real chemi¬ 
cal bonds, 

Notions about amorphous and cry¬ 
stalline state are very important in the 
study of polymeis. The huge molecules 
settle down in such a way that in one 
place they could be parallel to one 
another, while at another place they 
settle down at random without any parti¬ 
cular order. The first case gives rise to 
a crystalline stiucture and the other 
gives rise to an amoiphous structure. 

The more crystalline parts in a 
polymer the better is the strength. Such 
polymers soften after a long time on 
heating and do not melt, but they 



Fig. 4 

Disit ibution of (7) ci ystalhne and (2) amorphous 
areas in molecules of polymer, e.g., rubber 
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decompose instead. 

In lecent years scientists have been 
able to produce polymers with regular 
positions of substituents in space. Such 
polymers are called ‘stereo-regular’. 
Let us illustrate Ibis by taking an 
example. 

( C Il a (11 ) n 

I 

R 

Let the molecules of the polymer be in 
one plane. The alkyl groups can dis- 
tifinite in different ways with lespect 
to the plane of the molecular chain, 
The polymeis arc called ‘isotactic’ 
(same order) (Fig, 5A) or 'syudiotactic’ 



Fig SC 


(alternate order) (Fig. 5B), depend¬ 
ing upon whether all the R groups are 
situated on one side of the plane or 
are distributed alternatively (one above 
the plane and the other below). There 
is a third type of polymers in which 
the arrangements of R groups are irre¬ 
gular and these are called atactic (Fig. 
SC) 

The first two structures A and B are 
stereo-iegular. ‘lire third structure C 
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is irregular. Stereo-regular polymers 
have a high degree of crystalline nature, 
(nearly 100 per cent) because their 
molecules sue closely packed together. 
Crystalline stereo-regular polymers have 
also high melting temperatures (the 
internal temperature during which the. 
crystalline suhstanee becomes amor¬ 
phous-melting range) and they have 
also a higher mechanical strength than 
irregular polymers. For example, the 
temperature of softening of the stcreo- 
legulai polystyiene is about 2(K)'C but 
ordinaly (irregular) polystyrene softens 
even in hot water. Natural rubber is 
an example oi stereo-regular structure 
in naliual polymers. It was very diffi¬ 
cult to synthesize isopreue rubber* be¬ 
cause it was very difficult to synthesize 
a stereo-regular structure of macro-mole¬ 
cules. Recently this problem was solv¬ 
ed in the USSR by A. A. Korotkov. In 
the field of synthesis of stereo-regular 
polymers, a lot of investigation is going 
on these days, and such synthetic 
materials will be- increasingly produced 
industrially. 

Methods of Preparation of Synthetic 
High Molecular Substances 

Reaction of polymerization was dis¬ 
covered by A. M. Butleyiov in 1877, 
but it was only recently that any indus¬ 
trial use was found for it. In the reac¬ 
tion of polymerization, the molecules of 
monomers combine with one another 
without the elimination of any by¬ 
products. Such a procedure is chara¬ 
cteristic of unsaluraled substances. 
Molecules of each monomer combine, 
preceded by the breaking of double 
bonds, Usually unsaturated hydrocar¬ 
bons and their derivatives take part in 
the polymerization reactions. For ex¬ 


ample, the following substances* can 
take part in tlm reactions of polymeri¬ 
zation; 

CU„ CH„ , C'Hn —C'H , 

I 

Cl 

hlhslcne, Vinyl Chlm ide. Wrris r- 

CHj-CCIj, Cly- CF 3 m yf- Cc 
Vinylidenc Ten adiioro*h 

c ' hlolide - hLhene. Es-Dhrv - 

C’Hj= - Cl I CH;[=CH 

! " I 

CH a , COO CH ; „ 

Ihopvlene. Vinyl Acetate. 

CH,, C(C1I,) 

| etc. 

coo cir. 

Methyl Vinyl Acetate 
(Methyl Methacrylate) 

It can be noticed that the common 
formula loi most of these compounds 
is CHj-Cff, and hence we can re¬ 


present the reaction of polymerization, 
.schematically as: 

...-} CIV CH-|~CH 2 =CH 

I I 

R R 

|-. . --CH a —CH — C’H.-- Cl I- 

I ‘ 1 

R R 

or in an abbreviated manner as 
n(CHn=CH)-> -(- CH a --CH—)n - 


R R 

The scheme does not show us the 
mechanism of the reaction of polymeri¬ 
zation, but shows us only the order of 
bonds between atoms. It is the conven¬ 
tional representation of the reaction of 
polymerization with the help of struc¬ 
tural formula. 

Reactions of polymerization can take 
place in two ways : 

1 By a step by step process (step 
polymerization). 
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2 as a chain leaclion (chain poly¬ 
merization). 

Let us consider these one aftei 
the other. 

Step Polymerisation 

This takes place with the increasing 
of molecular weight in steps, Com¬ 
bination of each monomer with another 
takes place with the formation of in¬ 
termediate compounds which could be 
isolated. Products obtained during the 
cracking of petroleum, e.g. 3 propylene, 
isobutylene, etc., aic used for step 
polymerization in industrial processes 
As a result wc get high molecular subs¬ 
tances which are used as engine fuels, 
Step polymerization takes place at low 
tempeiatm cs and at pressures which 
are not very high, in the presence of 
catalysts. The step polymerization of 
alkenes (conducted in the case of isobu¬ 
tylene in presence of tbSO.,) was dis¬ 
covered by A. M. Butleyrov in 1873. 
As a result of that reaction, two isomers 
of di-isobutylene (a dimer of isobuty¬ 
lene) differing from each other by the 
position of their double bond were 
obtained. 

Besides dimers, dimers, tetramers, etc., 
are also produced. The catalytic action 


called tlie euibo-catinn. 


l m i 

The intermediate ion with incomplete 
sliell in carbon can attract new mole¬ 
cules of alkene in which there lias 
been a movement of the elections of 
the double bond, as a result of which 
that carbon atom with the least num¬ 
ber of hydiogen atoms gels a positive 
dun go. The cuiho-catinn of dimer is 
obtained as a result of interaction be¬ 
tween the carho-cation of the, monomer 
and the extieme structure of another 
monomer. The carbo-ealion of the 
dimer stabilizes by losing a proton, ac¬ 
cording to the Zeil/ev's uilo, which 
stales that from among the neighbour¬ 
ing carbon atoms a proton is lost from 
that carbon atom which has the least 
number of hydrogen atoms. As a re¬ 
sult of this, a double bond is created 
between the third and fourth carbon 
atoms and to a small extent between the 
fourth and fifth carbon atoms. The 
earbo-eation dimer that lias lost a proton 
can act as a catalyst for the next step, 
fox producing a new carbo-cation, or can 
be attached to the anions of the primary 


CH 

2 



CH- 

ij CH — C® 
X 2 , 

CH 




CH, 

+ CH 2 “ f < 

CH 


Fig, 6 
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CH CH 

I 3 „2 

CH— C - CH -C 
3 | 2 | 

a CH > 
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of acids is through the production of acid. In that case the catalyst is re¬ 
esters, which practically ionise to give generated. 

the positive organic ion of the monomer After hydrogenation of this mixture 
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we get the saturated liydiocarbon Iso- 
nctane with octane number of 100 (lust 
iucJ for motor cars). 

Chain Poly wot izalion 
Tlie mechanism of reaction of cliain 
polymenzation is annlogus to the me- 
diamsm of reactions having the com¬ 
mon name of chain reactions, the 
theory of which was discovered by the 
Soviet scientist N. M. Semyonov. 
There arc three steps in the reactions of 
chain polymerization: (i) step of initia¬ 
tion of the reaction of polymerization; 
(ii) step of growing of chain and (iii) 
the breaking and stopping of the growth 
of chain. According to the type of inter¬ 
mediate active particles, at the begin¬ 
ning of the growing of chain, the fol¬ 
lowing mechanisms of the reaction of 
polymerization can be given, (i) radical 
mechanism of polymerization which 
goes thiough the production of free 
radicals and (ii) ionic mechanism of 
polymerization, which tabes place 
thiough the production of ions. The 
charge of ions can be positive or nega¬ 
tive according to whether the mecha¬ 
nism of reaction of polymerization is 
cationic or anionic. 

Radical Polymerization 
hadical polymerization is one of the 


more important and well studied 
methods of synthesis of high molecular 
substances fiom low molecular subs¬ 
tances. It may be lepiesented schema¬ 
tically as: 

i) a + m — v ft m 

m . m 

2S R _H|. M—*. IV — M —M 

»n in ( 

>\ FI_M m' „L_ M*_ M - R -- n — M -M - ft 

^ m n-i ^ n-j in in n n in 

Fig. 9 

1 Initiation: Obtains free radical of 
Macro-molecule 

2. Growing of Chain 

3. Bi caking of Chain and stopping of 
Growth 

[nilia'ion of Radical Polymerization 

In this step the active free radical 
is produced from the molecule of the 
monomer, and as a result theie will be 
an unpaired electron in the free radi¬ 
cal. Such production of free radicals 
can be accomplished by the action of 
temperature (thermal polymerization), 
light (photochemical polymerization) or 
rays of particles- of high eneigy (radia¬ 
tion polymerization). Initiation of poly¬ 
merization has been studied in detail 
and is- very important. Peroxides, 
hydro-peroxides and some azo and 
diazo compounds are used as initiations 
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of this .reaction. They arc capable of 
dccompo.sition with the production of 
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free mdicals. Benzoyl peroxide is used 
in such cases very often. The decom¬ 
position of benzoyl peroxide takes 
place in a complicated manner and as 
a result we get two kind of free 

, _ C „ r iH +. f CH,- CH «•=»,- CH 1 - »,;-C» r CH -fa 

B L « B ‘ ■ * " 1 * 

E-lg. 11 

radicals: benzoate nulical and phenyl 
radical. 

The free radical obtained interacts 
with the unsaluralcd monomer and as 
a result of this interaction the double 
bond is broken and a new free macro¬ 
radical is obtained. 



Grouting of Chain 

The main idea of the growing of 
macro-i adicals is addition of the mole¬ 
cule of monomer to the macro-iadical. 

R +[cH = CK C H — CH *- R CH.— CH 

IS t I 2 I In < | 

R H J R 

lug. 12 

Independent of die character of initia¬ 
tion the growing of macro-molecular 
chain starts from the moment of addi¬ 
tion of the molecule of monomer to the 
fiist ladical, and goes on up to the time 
when the growing chain attains radi¬ 
cal structure. 

As a lesult of kinetic measuiements 
it is established that the reaction of 
growing of chain has an energy of 


activation which is extremely small 
(3-7 Kilocalmies pei mole). This energy 
is equivalent to the energy of activation 
in llie lice ladieul reactions. This may 
explain the veiy high speed of the 
i caelum of growing of chain. The 
speed of reaction of growing of macro- 
radicals is independent of the length 
of the macro-radicals. The active cen¬ 
tre on the end of the growing macro¬ 
radical is- influenced by atoms of the 
nulical chain which lie neaiest to die 
active ecuUc. This* atom is always 
identical iirespective of die length of 
macro-radicals. But the speed of grow¬ 
ing of tlie, chain is influenced by die 
slmcturc and piopeities of the mono¬ 
mer, and its substituents (slcric in¬ 
fluence, conjugation of bonds, polari¬ 
zation of monomer etc.). 

Breaking and Stopping Growing of 

Chain 

The pioccss of growing of a chain 
will slop if a macro-radical meets 
another one or the first radical which 
is produced from the peroxide. 

2R m Cl 1, CH-* 

I 

R 

Ri„ -CH, -CH -CH--CH a --Ria 

I I 

R R 

In that case the radical will com¬ 
bine and the final molecule cannot 
grow after tlial. There will then be 
a macro-molecule, having units of ini¬ 
tiators at both ends. That is, initiator 
is spent on the preparation of macro- 
molecules of polymci. We can re- 
piescnt this process as: 

T elomerizatlon 

With the help of special solvents 
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and other conditions for the process of 
reaction of polymerization (temperature, 
pressure and concenliatiou of mono- 
mei) it is possible, to so regulate the 
speed of the polymerization reaction as 
to get low molecular (weight) poly¬ 
mers. In macro-molecules of these, 

c y i ^ ^ to, 

c» „ t>v- ';'l— 

Fig. 11 

there aie units of the products of de¬ 
composition of the solvent (c.g„ CCI 
C«H ( - CHj) due to the presence of 

- 1 »-CK-r»- C a- tv £| H cd -;c( t» -tH |e«. C.T1 ci._c,_ci n'tf 

ft L ln< * * 1 *Jni i 

r.g. u 

very easily decomposable solvent (by 
influence of light or peroxide). This 
solvent can not only initiate the Grst 
radical but also cause the stopping of 
the growing of macro-radicals. 

Tiro growing of reaction chain is 
stopped when growing macro-radical 
meets another molecule of the solvent. 
Such a method of synthesis of new 
high molecular substances is very im¬ 
portant today and is called the "break 
polymerization method’ or 'telomeriza- 
tion’. The molecule which breaks the 
chain is called ‘telogen’. By telomcri- 
zation of ethylene in the presence of 
CCI as a telogen the following telo- 
mers have been obtained. 

nCH,=Cl i a f C’CI,-> 

CCl 3 -~(~CH 2 — CHj ) n —Cl where 
(n —2,3,4.15) 

Copolymerization 

A very important branch of the rea¬ 
ction of polymerization is the reaction 


of copolymerizalion where the polymer 
is prepared from two or several diff- 
etenl monomers. If we call the units 
of such a polymer as A and B the struc¬ 
ture of copolymers can bo represent¬ 
ed as: nA4mB- > .. A—B—A—B—A—B 
-. .. As a rule, there is no re¬ 
gular interchange of the units of both 
monomeis. Such a copolymer has now 
properties which difler from the pro¬ 
perties of the monomers and also their 
mixture. As an example can he cited 
a kind of synthetic rubber known as 
butadiene—styienc rubber which is a 
copolymer of butadiene, and styrene. 

Fiom among the new methods of 
synthesis of polymers wc can select 
two examples: (i) block copolyrneriza- 
tion and (ii) grafting copolymeii/alion. 
Block Copoli/nwrization 

In the case of block copolymeriza¬ 
tion the macro-molecule of the new 
polymer is built by the regular inter¬ 
change of blocks of different polymers, 
In practice such a copolymer can be 
obtained by methods of mcchano- 
chemistry, for example, by grinding to¬ 
gether a mixture of two polymer frag¬ 
ments (blocks) which combine in the 
new copolymer molecule. The struc¬ 
ture of block copolymers may be re¬ 
presented as follows: 

• • • • (A)n-(b)m (A)n—-“(b)n\- -- . 

Grafting Copoltjmcn izalion 

The main principle of sucli poly¬ 
merization is that tiro macro-molecule 
of one polymer is giafted as a side 
branch on the macro-molecule, of 
another polymer. In practice such a 
polymer is obtained if the polymeriza¬ 
tion of monomer (A) takes place in the 
presence of a molecule of another 
polymer (B)n, In that case molecule* 
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of tlie monomer polymerizes oil the 
macro-molecules as a side branch. 



116 . 15 

With the help of such a method it is 
possible to obtain a polymer with very 
important properties and those proper¬ 
ties aie a combination of the proper¬ 
ties of the component polymers. For 
example, block copolymer of natural 
rubber with chloroprcnc rabbet com¬ 
bine the properties of natural rubber 
with the petrol and oil resistant pro¬ 
pel lies of synthetic rubber 

Ionic Polymerization 

Ionic or catalytic polymerization 
takes place in the presence of dtHeicnt 
catalysts. With the help of ionic poly¬ 
merization it is possible to regulate the 
reaction of the growing of macro-molc- 
cules and obtain polymers with pre¬ 
determined propei ties. The unbranch- 
ed polyethylene, isotactic polypropylene, 
isobutylene-styrene and others were 
synthesized by the method of ionic 
polymerization, These polymeis have 
legular structures which improve their 


mechanical properties. As m the case 
of radical polymerization ionic poly, 
rnenzation is also chain polymerization. 
This process' goes on through the obtain¬ 
ing of ions consisting of three-valency 
carbon having il positive or negative 
charge. Thera will he cation or onion 
polymerization depending on the sign 
of the charge on the three-valency car¬ 
bon, 

I’ali/cimdemaiiOTi 

High molecular substances could be 
obtained not only with substances hav¬ 
ing double bonds but also m those 
eases when the monomers have not less 
than two functional gamps. The reac¬ 
tion of polyeondensalion takes place 
with the elimination of low molecular 
substances such as water, hydrogen 
chloride, etc. 

The repeating structural unit in such 
a polymer is NH(CH,,) a ~ CO--, the 
composition of which is not the same as 
the composition of monomers, By 
means of the, reaction of polycondensa- 
lion it is possible to obtain polymers 
with several structures—linear, net, and 
tluee-dimcnsional. Such polymers as 
nylon, phenol, formaldehyde resins, etc,, 
are obtained with the help of the rea¬ 
ction of polycondensttiion. 


NH—(CK.)—Co |oH+H I nH—(cH^— COOHj±H ? 0-HlN— (cH z )~CONH-(cHj) — COOH 
(CH,)— COHH—(ch)^— CO I OhTh] HH -(Chy) — COQH—f Hq+NN-(CH 2 1- C ONH-frH^-CW H- ( C H)- C00H ‘ 


Hg. Ifi 



SPACE 

Facques Buhko 


O F the many decisive breakthroughs 
science has made since the begin¬ 
ning of the twentieth century, space 
exploiation is the most complex and 
spectacular. The most far-flung branches 
of knowledge have come together in a 
cential trunk which lias led to feats 
unprecedented in the history of scien¬ 
tific conquest. For the first time, 
science has at its command research 
tools operable on a planetary scale. 

Briefly, space has so far been explor¬ 
ed by two methods: from the earth’s 
surface, or with the help of vehicles, 
that we have just learnt how to launch 
into space. 


The first of these methods—and the 
only possible one foi the past thou¬ 
sands of years—obviously implies an 
indirect approach. Observation through 
telescopes, assisted by various acces¬ 
sories such as spectrographs, cameras, 
photometers and polarimeters, is its 
basic tool. The apparatus is sensitive 
to lays which are invisible to the naked 
eye, but rich m information concerning 
the bodies from which they emanate. 
Detectois of radio waves, X-iays, 
gamma lays and soon, of neutrino 
particles, are adding new weapons to 
our arsenal. 

Other results aie obtained by study¬ 
ing the mcteoritics reaching the earth's 
mu face, and cosmic rays that manage 
to pin co oui atmosphere. Then Lhere 
aie other branches of science that make 
major achievements possible in this 
field, even though their main purpose 
is not tin 1 exploration of the universe. 
Nuclear physics has enabled us to 
understand the process of thermonuclear 
fusion in the stars, the source of the 
tremendous energy which they send 
into space. 

Giound-based methods of space in¬ 
vestigation aie thus developing rapidly, 
but it is the appearance of artificial 
satellites that will radically change our 
knowledge of worlds other than our 
own. The cosmic era, which began 
barely six years ago, is now leaching us 
more, about our universe every day 
than we, luid learnt during years of 
observation from the earth. 

First of all, satellites arc irreplace¬ 
able for the study of our own planet, 
They give us an overall view of 
the earth which could never be 
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obtained hom its surface. Meteorolo¬ 
gical satellites, like Tiios and 
Nimbus, piomise to make long-iangc 
weather ioreeasts possible. Geodetic 
satellites, such as Anna, aceu lately 
measme distances between the remot¬ 
est points of the globe. Otheis, like- 
Explorn or Cosmos, study space in our 
immediate vicinity Tlmnks to their 
findings, we now have a pi ease pietnie. 
of the upper ntmospheie and its vaii- 
ous zones. We have discoveied and 
exploit'd the liuhation belts gudling 
the earth—one oi the most striking 
discoveiies made by satellites—anti 
we now know much moie about the 
cm til’s magnetic field and the streams 
of miciometeorite.s that the euith en¬ 
counters. 

The study of other planets, too has 
been completely transformed by the ap¬ 
pearance of space vehicles. It is fast 
becoming feasible to study the earth’s 
neighbours—bodies within the lango 
of our lockets, such as the Moon, Mars, 
Venus, and peiliaps other planets in 
this system—directly, even on the spot. 
Observations with unmanned craft have 
shown die value of this method in the 
recent past .. . and human crews will 
be used in the neai future. 

A few years ago, only a wild dreamer 
would have thought of strewing other 
planets with devices destined foi trans¬ 
mission of pictures, soil analysis, mea¬ 
surement of magnetic fields and tempe- 
ratuies, and seismic recordings. Today, 
we aie already calculating the orbits 
of future landings, and designing vehi¬ 
cles capable of climbing the rims of tile 
Moon’s ciateis. 

Technological progress is accelerat¬ 
ing in all fields—materials, fuels, elec¬ 
tronics, remote control—as a result 


Jt'Nl l'lfiT 

nl tlie demands of space exploration, 
and it has marie a race to the stais 
a feasible proposition But simultane¬ 
ously other branches of technology, oc¬ 
casionally i emote from space, benefit 
f 1 mu the piogiess this nice has stimu¬ 
lated. 

As soon as we leave the narrow circle 
ol planets w ithin our immediate innge, 
we have to gixr up all hope of fur- 
tliei vim's foi the time being. It is 
possible that scientists’ will look into this 
problem in future, but the neces- 
saiy means will certainly have to be 
much mme poweiful than the ones they 
now have. Our efforts today aie limit¬ 
ed to the rineet study of immediate 
neighboui s And even here, science 
must continually surpass itself if it is 
to sneered. 

But space vehicles are still of im¬ 
mense service in the exploration of 
bodies too distant for instruments to be 
landed on the spot, and indirect me¬ 
thods of study are now enjoying new 
opportunities. Satellites take the means 
of obseivation out of and beyond the 
cm Ill’s atmospheie, which in itself cons¬ 
titutes a gieat hindrance to observers. 

One must not foi got that the thick 
layer of air surrounding us is not nearly 
as transparent as we think. Astrono¬ 
mers must woik as if tin ought a layer 
of water some, thiily feet deep. In 
fact, air is impervious to most of the 
electromagnetic waves sent to us by 
celestial bodies. This roof protects 
us from ceilain harmful rays, but it is 
also the dcspaii of specialists, who have 
found only two peepholes in it. 

The first peephole is visible light— 
we see the stars because the atmos- 
plici e lets pass the very rays which have 
the power of making an impression 
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upon om retinas. The second which 
has been known for only ahmil 
thirty years, allows ladio waves—of 
the same naluie as visible light hut 
lower in h eijnency—to pass. Radio 
telescopes arc being more and more 
widely used, piobing the sky to find 
and classify radio stais—the points in 
the sky from which these waves seem 
to come. We now know that many of 
these, points coi respond to visible 
celestial objects. Radio astronomers 
supply information to astionomers with 
optical telescopes for studies of galax¬ 
ies, exploding sinus, gas slieams, and 
clouds of mteistellar matter . .. Despite 
the help of radio astronomy, the ocean 
of aii above us gie.atly limits om chan¬ 
ces of learning the socicls of the uni¬ 
verse, But by sending observation 
instruments beyond this layer, astrono¬ 
mers can obtain results that were once 
believed inaccessible. It is still im¬ 
possible to load the huge Mount 
Palomar telescope abioad a spaceship, 
but much smaller devices can provide 
images far beyond the range of the 
most powerful iasiigments used on 
earth 

These balloons, however, cannot 
remain ai this altitude for very long, 
and it is cxpecled that minting satellites 
will soon replace them and carry astro¬ 
nomical obseivatmies on long journeys 
above the atmosphere, By travelling 
over the earth, these observatories will 
have an untold advantage over stations 
on the ground or in stratospheric bal¬ 
loons—they will he able to explore all 
regions of the, sky without being limited 
to any fixed point on earlh In addi¬ 
tion to visible light, these space obser¬ 
vatories will be able to work m the 
ultra-vrolet and infra-red ranges that 


frame visible light at either end of the 
spec-hum, but aie much more strongly 
absorbed by the atmospheric. In a 
lutci, hut by no means lemotc stage 
lire Moon could he used foi largc- 
si/ed asliononueal observatories, favour¬ 
ed by lln> fact that our natmal satellite 
has no almospheie 

In addition to direct and indirect 
observation of celestial bodies, artifi¬ 
cial satellites and space vehicles also 
study conditions in the interplanetary 
space through winch they move Only 
six years ago scientists knew little about 
ladiatmn in space, the matter scattered 
ovei it in the form of isolated particles, 
or nueiomelcoriles, magnetic fields, and 
the streams of coipusclos that are 
thrown oil by the Sun, 

Physios is inlying on those trips to 
loam the natiue and ongin of cosmic 
iays, tlieii distribution in space and tlio 
reason lor their moments of extieme 
oneigy. Present-day theories on the 
evolution of the universe are, awaiting 
the arbitration of this science of ‘ex¬ 
perimental astronomy' 

Here we aie bringing in objectives 
that arc more distant, and cairy many 
more implications For example, one 
of the great problems concerning many 
diilcrent branches of science is the ori¬ 
gin of life on earth and m the univeisc. 
Contradictory theories aie waiting to 
lie prosed or dispiovecl by facts, and 
it is in space that the facts are being 
found. 

Radio Signal? from Outer Space 

The, piogicss of astronautics is enab¬ 
ling us to learn wlrethei life can exist 
on nearby planets and, if so, to what 
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extent it resembles ours. Elsewhere, 
progiess in astrochemistry and astro¬ 
physics is informing us about condi¬ 
tions reigning on the surface of inacces¬ 
sible worlds, and is even allowing ns 
to reproduce these conditions in 
laboratoiies, 

In one experiment Jupiter's surface 
environment has been reconstructed. 
Temperatures are very low and the 
chemical environment is radically hos¬ 
tile to our form of life: liquid ammonia, 
solid carbon dioxide, nitrogen, poison¬ 
ous gases and methane, ’a strong mag¬ 
netic field, poweiful electric discharges, 
and intense cosmic radiation. 

Under these conditions, experimen¬ 
ters have observed the gradual appear¬ 
ance of large, complicated molecules, 
components that could serve as the 
building bricks of living matter. Lead¬ 
ing scientists, like the American Nobel 
Prize-winner Ilaiold Urey, or certain 
Soviet specialists, maintain that the 
'synthesis' of a form of life similar to 
ours is possible even under these con¬ 
ditions. Others, like Firsoff in Biitain, 
envisage metabolisms very different 
from ours, in which liquid ammonia 
would replace water, and nitrogen 
oxygen. 

These are all hypotheses which can¬ 
not be proved easily or quickly, but 
the seriousness of the search for oiga- 
mzed and even intelligent life clse- 
wheie was underlined by the Ozma ex¬ 
periment carried out a few years ago 
in America, It consisted of hunting 
systematically in space for modulated 
radio signals of the kind that might 
have been made by thinking creatures 
endeavouring to contact other minds. 
Nothing resulted from the project, but 
the search for life is still being inten¬ 


sively can ied on. 

One bitter quail'd today revolves 
mound what certain .scientists consider 
to In- direct proof of the existence of 
life elsewhere. 'I Ins proof is said to 
lie in carbon-bearing mcteoiites, the 
most famous of which fell at Orguedl, 
m France, a century ago. In these 
stones from heaven—possibly the re¬ 
mains of an exploded planet—research 
workers have Found traces of matter 
of an niganic nature, similar to that 
syndic sized by living beings. Under 
the microscope, they have also seen 
stiuelures resembling the vestiges of 
living cells. Here, they believe, is 
direct pi oof of the existence of life 
on other planets, and of the possibility 
of this life being transmitted from one 
planet to another by ‘inhabited’ 
meteorites. 

The question is still a hot iioint of 
conhmersy—other scientists consider 
these pi oofs inadequate, In effect, it 
is possible that the meteorite fragments 
under study were contaminated by 
living organisms on earth after their 
arrival. It does jjgem hard to believe 
that fragile living matter could have 
survived the severe conditions of inter¬ 
planetary space as well as the heat of 
entry into the earth’s atmosphere. The 
only real way of setting this argument 
would l>c to ‘capture’ these meteorites 
outside the atmosphere, but such a 
project would have little chance of 
success. 

Biology is facing other problems in 
space that concern us more directly. 
Man’s ventures into space raise the pro¬ 
blem of the effects of cosmic flight on 
living organisms, A first step has been 
taken, and the safety of short, low- 
altitude orbital flights has been proved. 
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But the problem of long flights far 
from earth still remains. We must study 
physical and psychological condi¬ 
tions facing crews during a trip fxom 
the earth to Mars, a trip which could 
last for months. Some day w a may 
have to undertake journeys to other 
solai systems that will last for genera¬ 
tions. At the moment, this still has a 
futuristic ring, studies arc already 
beginning on the development of living 
embryos undci space-flight conditions. 
Foi, it has been recognized that gravity 
plays a definite part in the develop¬ 
ment of the fertilized egg and, in par¬ 
ticular, determines the oiicnlalion of 
the being's symmehy. The question 
now is- how would an embryo evolve 
in a state of non-gravity? 


Nor can we ignore the enigma posed 
by lelativity: at extieme speeds, time 
would pass more slowly for the astro¬ 
naut than for his fellow-men on earth. 
When he leturns he should find that 
ho is younger than his contemporaries. 

Even beyond the problems of life in 
the universe, there are now many hy¬ 
potheses about the origin and evolu¬ 
tion of the universe itself. Does it 
have an origin? Is it finite or infinite? 
Is it really dilating after an initial ex¬ 
plosion, as certain thinkers believe, 01 
is it in process of constant renewal? 
Till now, cosmogony was a matter 
moie for hypotheses than precise expe¬ 
riments. But, with the new tools at 
science’s disposal, it can reasonably be 
hoped that a decisive test of a coherent 
theory will one day be made. 
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O OYA bean (Glycine max (I.) Mci- 
^ 1 ill), also called soybean, soja bean, 
Chinese pea and Manclnuia bean, is an 
agucnltuial pioducl of the eastern Asia, 
Soya bean is not only an excellent 
souice of oils, vitamins and minerals 
but is also one of the richest someo 
of protein among vegetables. Soya 
bean contains about 40-45 per cent 
protein on the dry weight basis and 
this amount is highei than that found 
in most legumes, though consideiablc 
vanation of this amount may occur 
due to differences in environmental 
conditions, breed, soil fertility and 
nutrition. In animal feeding as well as 
m human nutiition, soya bean products 


air valued not so much for their con¬ 
tents ol available energy—food energy 
can he furnished much more cheaply 
and efficiently by the eeieal grains and 
Hums—as ,so\a bean piolcm. 

The jnoteim of soya bean aie well 
balanced m 1 aspect of essential amino 
acids (which are not synthesized in 
the body and hence aie to be sup¬ 
plied along with the diet) excepting 
i wo Milplmi-containing amino acids, 
methionine and cystine. The fortifica¬ 
tion with methionine increases the 
null dive rallies' of the raw as well as 
the optimally beat-processed soya 
beans. It has boon found that 
optimal heat-processing increases the re¬ 
lease and nutritional availability of the 
methionine content of the beans, 
Legume proteins' ate rich in lysine. So 
also are pioteins of soya beans, They 
are also rich in valine, 

Nutritive Values 

The ammo acid content of the pro¬ 
teins ol soya bean indicates their good 
biological utilization, particulaily the 
content of ton amino acids shown to 
be essential foi the maximum growth 
m men and animals. In comparison 
with tlie piotems of whole egg which 
aie completely utilized in digestion 
and metabolism by the giowing rats, 
soya bean piuteim bring deficient in 
methionine have lower degree of biolo¬ 
gical utilization. Raw soya bean pro¬ 
teins arc somewhat poor in nutritive 
value due particulaily to the presence 
of a tiypsiii-mliibitor which interferes 
with the digestion by trypsin in the 
intestine. This trypsin-inhibitor may 
be destroyed by heat-processing. The 
nutritive value of iaw proteins is 
improved by beat-processing and 
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geimination, may even come up near to 
the standard ol milk proteins and has al- 
icady pioved to Ik- superioi to the 
proteins of groundnut and cottonseed 
floius. The soya bean proteins an; of 
considerable; value, in the. feeding of in¬ 
fants, convalescents as well as adults. 
Diseases aiising out of malnutrition of 
protein like kwashiorkor and hunger 
edema aie successfully treated with 
soya bean piotems. The hue digesti¬ 
bility of raw soya bean proteins has 
been found to he about 85 per cent. 

Supplementary Value 
Two proteins fed together often show 
a higher biological value than the biolo¬ 
gical value of either protein fed alone 
at a comparable level or the calculated 
value from the. individual values and the 
proportion of each fed. This is known 
as supplementary efleet of proteins. As 
wheat proteins arc deficient in lysine 
and valine, the. soya bean proteins lich 
m these two amino acids are. effectively 
used to supplement wheat pioteins. 
Hence breads containing soya bean 
loui have been found to he much 
superior in nutritive values to plain 
wheat breads. Similarly, the inferior 
proteins of maize and rye are supple¬ 
mented with soya bean proteins. It 
has also been observed that when 
optimally lreat-processcd soya bean is 
significantly superior to Bengal gram 
in its supplementary value to the poor 
rice diet. Soya bean purloins are rich 
m lysine and poor in methionine while 
flic sesame proteins arc rich in meth¬ 
ionine and poor in lysine. ITcnce 
these pioteins aic supplementary to 
each other and a mixture of the two in 
proper proportions is of immense value 
m practical nutrition. 


f [cat-pi occssing 

Back m 1917, animal experiments 
revealed that while animals fed diets 
containing raw soya bean grew slowly, 
heai-jrroeessmg ol soya bean improved 
then growth rate to a marked extent, 
i Inman experiments also showed that 
nitrogen retention in adults fed enough 
soya bean Hour to furnish aboul 75 per 
cent of the protein of their diets’ is 
about 20 pei cent greater with heat- 
processed (autoclaved) than with xaw 
soya bean Horn. Since soya bean flour 
and gnl are not consumed as such but 
rue usually cooked into some food pre¬ 
parations, the improvement in the nutri¬ 
tive value is thus ensured. Excessive 
heating impairs the nutritive value. 
Utilization 

Soya bean products aie hitter, have 
characteristic beany flavour and taste 
less palatable. So during processing of 
soya bean efforts aie made to de-bittei 
and lenurvc the beany flavour and to 
improve then palatubilily. By chemi¬ 
cal treatments these objectives have 
been largely achieved. Among diff¬ 
erent soya bean products mention may 
be made of soya bean milk and soya 
bean curd. Infants suffering from milk 
alleigy can easily tolerate soya bean 
milk. Fermented pioduct, soya sauce, 
containing prc-digesled protein food is 
both palatable and wholesome. Tiro 
Chinese preparation of soya sauce us¬ 
ing proteolytic enzymic digestion is a 
household art in China and is a deli¬ 
cious menu of Chinese restaurants all 
over the world 

Soya beau flour and grits are now 
being largely incorporated into hu¬ 
man food preparations Breads and 
baked products contain some portions of 
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soya bean flour. Tire most important con¬ 
tribution made by the soya bean flour 
in heads is an improvement in the 
nutritive value of the products. More¬ 
over, the use of soya bean flour 
improves toasting properties, the shelf 
life is increased with respect to staling, 
the head has a rich crust colour, and 
it is more compressible. Up to three per 
cent, soya bean flour may be added to 
wheat flour with or without little 
change in formula or handling. The 
quality of the head containing soya 
bean flour, as measured by loaf volume 
and crumb grain, is better than that for 
wheat flour alone. In the field of staple 
foods, macaroni and noodle products 
are, after bread, probably the widely 
used food preparations. Noimally, 
these preparations are low in proteins. 
Macaroni and noodles containing a 
suitable mixture of wheat and soya 
bean flour are being prepared to over¬ 
come this protein deficiency. Some of 
the most desirable places to use soya 
bean flour are in sweet rolls, cofFce 
cake doughs, plain, soft and devil’s 
cakes, cookies, crackers and frozen 
pastry. Anothci most rapidly growing 
application of soya bean flour and 
grits is the use of these materials by 
the meat industries as a binder and 
emulsifier rn sausages, meat loaves and 
similar products. Large amount of 
protein in soya bean flour is one of the 
chief attributes, since, in addition to its 
Function as an emulsion stabilizer, its 
presence contributes much to the pro¬ 
tein content of meat products. A 
ready-to-eat mixture of maize and soya 
bean flakes is available in the market. 
The pioduct is a mixture of about 20- 
3Q per cent by dry weight of solvent- 
extracted soya bean flakes with 70-80 


per cent of yellow maize. The nutri¬ 
tional advantages of combining soya 
bean Hakes having high protein con¬ 
tent with cereal grains such as maize, 
rye, wheat etc., which are low m pro¬ 
tein, arc obvious. Soya bean flour is 
also used as an emulsifying agent in 
the preparation of salad dressings, The 
concentrated soups containing mode¬ 
rate quantitits of soya bean flour are 
used as cheap protein-ncli food. The 
isolated and modified soya bean pro¬ 
teins me used in place of egg albu¬ 
men, as the sole aerating agent for 
cicams, nougats, divinity, fudge and 
similar types of candies and confections 
Low starch content of soya bean flour 
makes it an ideal ingredient of food 
for diabetics. 

Soya bean and its products form 
the principal souice of proteins of 
hundreds of millions of the orientals 
and they are regarded to play a much 
greater role in the nutrition of these 
people than does wheat in the United 
Slates, or lye in Germany, Scandinavia 
and the USSR. Unlike the cereals, 
which are chiefly used in the making 
of breads and bakery products, soya 
beans arc converted into numerous 
pioducts which are very often subs¬ 
tituted foi such foods as cow milk, 
clicesc, eggs and meat. To the orien¬ 
tal people, the soya bean proteins art 
essential to livelihood and cannot 
with safely, be omitted from tlieir 
diets. The Chinese have learnt that 
the gieatcst nutritive value of the soya 
bean is obtained through a water ex¬ 
traction of its proteins. This milky 
liquid, after it is drawn from the resi¬ 
due, is coagulated into cheese. Ninety 
per cent and possibly even higher of 
the nutritive value of die soya bean is 
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consumed m the orient in the form of 
this cheese. Fiom the nutritional 
standpoint soya bean flour is highly 
concen tinted food material of high 
nutritive value which is best suited for 
use as an additive or extender of cereal 
flouis that are deficient in proteins. 
The considerable importance of the 
soya bean as a nutrient has been known 
in Europe for so vend decades. On 
the eve of and when preparing for the 
World War II Llie Gennany imported 
laige amounts of soya bean from the 
eastern Asia and much of this quantity 
was converted into flour. Soya bean 
flour piovidod the Germans a con¬ 
centrated food which was used in the 
so-called ‘food-pills’ which constituted 
the important pait of the German sol¬ 
diers’ cmeigcncy rations. The U.S. 


Army also used soya bean flour in tire 
K-raliorr dining the War. Soya bean 
flour proved to be a versatile and 
highly successful food product in meet¬ 
ing food shortage in Europe and Asia 
during and since the World War II, 
Its advantage, is that it meets the re¬ 
quirements for stability, small bulk 
and high nutritive values. It is esti¬ 
mated that soya bean flour is one of 
tlits cheapest foods available to men 
when judged by the amount of pro¬ 
tein, vitamins and minerals and energy 
obtainable per unit of cost. 

In India, there is veiy little cultiva¬ 
tion of soya bean. In view of acute 
shortage of protein-ricli foods, its large- 
scale cultivation in different paits of 
India is badly needed 
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causes ‘bieaking’ of the colom of the 
flown s. This -was featuicd pio- 
nii non fly m many of the paintings of 
llmvcis by old Dutch masteis. As 
naily as 1637, Dutch bulb growcis knew 
that this cluiraclci could be transmitted 
by giaftmg. 

The fiisL nuijoi advance in plant 
vhology is generally considered to have 
occurred during the late nineteenth 
century, aftei Pastern had shown that 
Progress AgclillSt the baeteiial agents of disease could 

be removed by filtration through 

PlcU.lt ViniSeS porcelain filters. In 1892, Ivanowski 

showed that the sap from mosaic- 
afleclcd tobacco plants was infective 
J. A. Iomlinson alter passing through such filters. These 
results and the more detailed woik of 
Beijermck give rise to the concept of 
‘filterable viiuses’. 

It was thus wiLli plants that the fust 
demonstration of vuus.es was made. 
The minute size of vnus particles led 
to speculation on their natuie and, in 
particular on whether they could be 
consideied to be ‘alive’. 

PLANTS no less than animals aie Tho °f Viruses 

vulneiable to attack by many Not until 1935 was any clear infor- 
viruses. This problem is of special million obtained on the composition of 
impoitance in those commercial plants viruses. In that yeai Stanley, using 
which aie vegetatdvely propagated, techniques of protein precipitation, 
But knowledge of the viiuses and tlieir made the outstanding discovery that 
mechanisms of transmission has led to the tobacco mosaic virus could be 
successful conntei-measures in many purified in a crystalline form. This 
instances. and othei discoveries about this virus 

Although many vims diseases of demonstrated that it was extremely 
plants have undoubtedly existed for stable and it lias, therefore, proved to 
long periods, few attracted much atten- he a very convenient subject for funda- 
tion befoie the twentieth century. The mental studies. Although most other 
oldest recorded plant virus disease rs plant viruses aie much more readily 
thought to be tulip mosaic which inactivated, the research on tobacco 

Repeated from new scientist 30 (498) 586-588, 2 June 1966 
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mosaic virus has laid the foundations 
of an enormous volume ol subsequent 
ivoik. 

The next nujoi advance was the de¬ 
monstration hy H.iwdrn and otlieis 
tliat tobacco mosaic vims contained 
nucleic acid, and was thus a nncleo- 
piotein. Much Mihseijuent reseiucli has 
theieforc been eoneentiated on the 
stiuctuic of this fascinating and com¬ 
plex gnnip of compounds. The advent 
of the election nncioseope and X-iay 
diflraction has gieatly facilitated tliis 
wotk, 

The si'/e and shape of many vnuses 
have now been determined, and it has 
been found that they lull into two 
main categoiics, the mds and the 
spheres. The mds, typified by such 
viruses as tobacco mosaic \inis and 
turnip mosaic vims consist of long, 
straight or flexuoux filaments. These two 
viruses have dimensions of 3(X) hy 15 
millimicrons (one millionth of a inilli- 
metie) and 746 by 13 millimicrons, res¬ 
pectively, Others such as aralnc. 
mosaic vims or cucumber mosaic 
virus art' approximately spherical 
mid are, 25 to 30 millimicrons in 
diameter. A few such as lucerne 
mosaic virus, are intermediate in shape 
between these two types. 

An important development in the 
use of llio electron microscope follow¬ 
ed the introduction of the metal shadow¬ 
ing technique, whereby it was found 
possible to increase the contrast of the 
virus particle in the microscope image 
and to obtain information on its pro- 
file. This was done by coating one 
side of the paiticlo with a thin layer of 
metal. The technique showed that 
many of the so-called spherical viruses 
were not, m fact, spheres but 20-side 


pnh guns (icosahedra). 

Additional and spect*ieuhu enhance¬ 
ment n( emiti.ist wars achieved in 1959 
hv the plmxphnlungslate method of 
negatives staining This method, fust 
developed inr medical work with die 
ad< iiovinis. showed the, vims as a cleat 
particle against a claik background, and 
i evealed that its surlacc was studded 
with appaiently spheueal protein sub- 
umts ananged m a definite symmotiy 
to (otni a capsid oi outer shell. The 
same method lias also given much 
valuable inhumation about internal 
vii us xtiueiuie. 

By tin- same means il has been 
Imind that ind-sbapcd viiuses consisL of 
a lube vvitli a hole four millimicions in 
diametei thiougli the centre. With 
tobacco mosaic vims about 2,000 pro¬ 
tein Mib-umts hum a helix around the 
lube, and there are 49 sub-units, 
ananged in every tlnee, turns of the 
helix. X-ray studies have also revealed 
that there is a thin filament of ribon¬ 
ucleic acid (RNA) consisting of a long 
helically-wound strand embedded with¬ 
in the protein at a radial distance of 
fmu millimicrons from the tube's centre. 

Puri Jicn t ion. In feci i city 

Most present-day studies on plant 
vnuses involve attempts to concentrate 
and pmify the infective agent. The 
viruses aie intrinsically so different, 
however, that the, purification techni¬ 
ques vary considerably. All are made 
easier ii the infeclivily of the prepara¬ 
tions can be tested at each stage in tlic 
purification procedure. 

A discovery by Homines in 1929 
greatly helped in this woik. lie show¬ 
ed that on some species of tobacco, 
notably Nicotiana glutinose, discrete 
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spots o£ necrosis, or ‘local lesions’, 
were produced when the leaves were 
rubbed with tobacco mosaic varus, 
Tire number of lesions depended 
on the concentration of the virus 
in the solution and thus provided 
a ready means of assessing it. In stu¬ 
dies on plant viruses, therefore, host 
plants are sought which will give this 
local lesion effect. Such plants cannot 
always he found but if they are, the 
work of purification is often made 
much simpler. 

For some time, the whole nucleopro- 
tem was thought to be the basic in¬ 
fective unit, This idea was abandon¬ 
ed, however, following studies on to¬ 
bacco mosaic virus by Gicrer and 
Schramm, and Fracnkel-Conrat, who 
obtained evidence that the ribonucleic 
acid core of the virus was itself capa¬ 
ble of initiating infection. To demons¬ 
trate this the protein sheath of tobacco 
mosaic virus was dissolved away by a 
solution of phenol. The remaining 
RNA was still infective, although only 
to the extent of one-hundredth part of 
the infectivity of whole virus. Tins 
and other work makes it clear that 
viruses consist of an infective nucleic 
acid core enclosed m a protecting 
protein sheath. 

Identification 

Viruses are 'obligate paiasites’, which 
can multiply only in the living host 
oell and, unlike bacteria, cannot be 
cultured in nutrient media. In the im¬ 
portant work of detection, isolation 
and identification, therefore, other 
means have been used. One of these 
has been the search for specially sensi¬ 
tive plants—or ‘indicators’—that can 
easily be grown, and which display a 


vaiiety of symptoms when inoculated 
with different viruses. Several plants 
fulfil most of the desired requirements 
including Nicotiuna speciesm, French 
bean and chenopodiuin amaranticolor. 

In identification of plant viruses con¬ 
siderable use is now also made of 
serology. The method derives from the 
fact that when an animal is injected 
with a virus, even a plant virus, one 
response is the appearance in the blood 
of pro Lein antibodies. Blood serum 
obtained from the treated animals is 
known as tin; antiserum and the anti¬ 
bodies in it will combine specifically 
with tlie virus. This can he demons¬ 
trated in a number of ways, one being 
the gel-diffusion test. In a typical ex- 
peiiment an agar gel is set in a petii- 
disli and small wells are cut in it. The 
antiserum is placed on one well, and 
a suspension of the virus in nearby 
wells. Virus particles and antibodies 
diffuse out through the agar, and where 
they meet a line of precipitation forms, 
Previously the gel-diffusion test had 
been largely restricted to those plant 
viruses with small (usually ‘spherical’) 
particles which diffused readily through 
the agar. Recent work, however, has 
extended its use to viruses with long, 
filamentous particles, which can be frag¬ 
mented into shorter lengths by ultra¬ 
sonic vibration, whereupon they then 
diffuse through the agar. 

As the formation of precipitation 
lines indicates as affinity between the 
test virus and the known virus to which 
the antiseium has been prepared, the 
method can often provide a ready 
means of identification of a virus, 
When used with due safeguards and in 
conjunction with other tests, serology is 
thus of great value. 
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Batumi Transmission 
Plant viruses are normally spread 
fiom plant to plant by tire transfer of 
the viius particles occur ing in the sap 
of diseased plants. They are often 
carried by sucking of biting insects, 
and die piocess may be purely a me¬ 
chanical one by the transfer of infec¬ 
tive sap on the insect's mouth parts. 
But in many cases the way in which 
transmission is accomplished is un¬ 
certain. Although the stable tabacco 
mosaic virus is readily transmitted by 
manually rubbing infective sap on the 
leaves and is expernnentally transmis¬ 
sible by a species of grasshopper by 
the contamination of its biting mouth 
parts, this virus cannot be transmitted 
by insects with piercing and sucking 
mouth parts. Conversely, other viruses 
which canot be mechanically transmit¬ 
ted with infective sap are readily 
passed from one plant to aiiodier after 
ingestion by a sucking insect, 

Many different vectors have been 
discovered, including aphids, leafhop- 
pers, mealy bugs, whitelies, thrips, 
mites and certain leaf-biting insects 
such as flea beetles. More viruses are 
transmitted by aphids, however, than 
by any odier type of insect; one species, 
the potato-peach aphid (Mazus persieae), 
is known to transmit at least 50 dis¬ 
tinct viruses. Odier aphids transmit 
only one or a very few viruses. Con¬ 
versely, some viruses—the onion yel¬ 
low dwarf vims for example—can be 
transmitted by more than 50 aphid 
species; while others, such as the let¬ 
tuce necrotic yellows virus, are trans¬ 
mitted so far as is known by only one 
aphid species (Hyperomyzus Iactuae). 

Aphid-transmitted viruses are broadly 
classified as ‘persistent or non-persis¬ 


tent' Pcisistent viruses aie usually 
acquired by the aphid or leafhopper 
only aflei extended feeding periods, 
and afteiwards the msecL may continue 
to transmit the virus for many days— 
sometimes for the rest of its life. Jt 
has now been shown that some persis¬ 
tent viruses, for example the rice dwarf 
vims and potato leaf roll virus, mul¬ 
tiply in their respective leafhopper and 
aphid vectors. In contrast, non-persis¬ 
tent viiuses aie acquired in feeding 
periods of veiy short duration (some¬ 
times as short as one minute) but the 
insect lemain infective for a few hours 
only. 

The relationship between the virus 
and its vector is of prime importance 
in considering methods of control, 
especially those aimed at preventing 
spread of the disease by killing of 
the aphids. Some insecticides take 
some time to kill the insect, during 
which period the acquisition and trans¬ 
mission of non-persistent viruses may 
continue. It is often necessary, there¬ 
fore, to kill the insect before it reaches 
the crop to be protected. 

In addition to above, ground trans¬ 
mission, contaminated soil was for a 
long time, known to be an important 
reservoir of certain virus diseases al¬ 
though piecisely how transmission oc¬ 
curred was obscure until recently. It 
has now been shown that soil inhabit¬ 
ing eelworms and fungi can act as virus 
vcctois. In 1958, it was proved that 
the root-feeding parasitic eelworm 
(Xiphinema index) could transmit the 
soil borne fanleaf virus disease of 
grapevines. Since then, other eelworm 
species have been shown to be vectors 
of virus diseases of strawberry, rasp¬ 
berry and potato. 
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There is growing interest now in the 
fungi as vims veclms. This has been 
stimulated by the discovery that the 
minute rout-mvading fungus Olpidiurn 
brassicae can transmit tlnee siruses: 
lettuce lug-vein vims, tobacco nccrn- 
sis virus and tobacco stunt virus. 

In the work on the lettuce big-vom 
disease it cmeiged that the fungus 
alone caused no symptoms and could 
bo transferred from lettuce to lettuce 
without effect, Aftei its growth in the 
mots of big-vein affected plants, how¬ 
ever, the fungus acquired the lettuce 
big-vein virus and the swimming spores 
(zoospores) of the fungus could then 
transmit it to health)' plants, In addi¬ 
tion to these short-lived zoospores the 
fungus pioduced thick walled spoies in 
the roots, which later contaminated the 
soil. These spores, and the vims resid¬ 
ing within them, survived in the soil for 
many yeais and, in the piesencc of 
lettuce roots, germinated to form zoo¬ 
spores which le-establislied the disease, 

Dissemination and Control 

A bioad distinction may be drawn 
between dissemination of the viruses 
of plants grown from seed and of those 
piopagated vegetatively as clones. Re¬ 
latively few viruses have been shown 
to be transmitted through the seed, al¬ 
though the reasons for this are un¬ 
known, 

The proportion of infected seeds set 
by diseased plants depends not only 
on the kind of virus but also on the 
age at which the paienl plant becomes 
infected, and on the species of plant, 
Thus with lettuce mosaic virus, usually 
two to five per cent of the seed from 
diseased parent lettuce plants produces 


iiifu ti cl .seedlings, wheieas this propor¬ 
tion nni\ be as high as 80 per cent in 
seed linn) soya bean infected with 
tubmen rmgspot \inis. The giowth of 
healthy plants of such crops demands 
the use ni seed which is bee from in- 
feeiion, Kvc n with healthy .seedlings, 
however, the plants may subsequently 
become infected bom other sources, 
such as other infected crops or alter¬ 
native hostplants of tin 1 vims. 

Plants propagated segetatively are 
subject to these hazards, but they also 
sillier from the fact that the viruses, 
being dispersed throughout the plant, 
are ear tied in the propagating material, 
This problem lias become especially 
important in recent jeius with the 
development, often on a massive scale of 
horticultural!)* desirable clonal material 
propagated as cuttings, bulbs, tubers, 
crowns and mot-stocks. Such material 
is now usually made the. subject of ins¬ 
pection and certification schemes devis¬ 
ed to maintain the health of the stock, 
In vegetatively piopagaled plants 
found to be wholly infected, some cura¬ 
tive methods have been developed to 
ensure the initial health of the stock be- 
foie further multiplication. Thus the 
viruses in some plants have been in¬ 
activated by exposing the growing plants 
to a temperature of 37°C, By this 
means, fruit tiees, potatoes, elirysanthe- ■ 
mums and strawberry plants have 
been free from a number of viruses, 
In addition, the use of special culture 
technique has enabled healthy plants 
to be grown from such virus—infected 
plants as potatoes carnations and rhu¬ 
barb. The method—apical meristem 
cultuie—involves the removal of the 

growing point (about 0.5 mm in length) 
and its culture under sterile conditions 
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on nutrient media supplemented with 
hormones, The. regeneration of many 
stocks of previously desuablc plant 
varieties which have declined m vigour, 
as a insult of vnal infection, now 
seems likely. 

As with many othei diseases, how¬ 
ever, tire ideal means of controlling 
viiuses is the development of immune 
varieties. For example, potato varie¬ 
ties have been bred which are immune 
from potato virus X. Genetically con- 
ti oiled characters are also known which 
confei a high degree of resistance, as 
opposed to immunity. In tins respect 
diffezent varieties of plants may differ 
not only in the ease with which they 
become infected but also in their reac¬ 


tions to infection The aim of the plant 
breeder lias therefore been to produce 
a variety combining immunity or resis¬ 
tance to the virus with highly desna- 
ble commercial qualities. 13y the deve¬ 
lopment of such vaiielies, several im¬ 
pel tant plant virus diseases have been 
conliolled—such as cotton lead crinkle, 
sugai beet cuily top, sugar cane mosaic 
and tomato spotted wilt. 

The relatively young science of plant 
viiology has now greatly expanded to 
assume world-wide importance. The 
subject is not only of great practical 
significance regarding crop plants but 
the study of the virus pathogens them¬ 
selves tluows considerable light on 
many fundamental biological pioccsses, 
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VACUUM 

S, K. SlNCIIAXi 


A IR is the basis of almost all life on 
Earth, but now-a-days even 
vacuum is as necessary as air to live. 
Many products of daily use need a 
vacuum for their working. Get rid of 
vacuum and everything will plunge into 
darkness, because bulbs and flourescent 
tubes will not work, preservation of 
food will not be possible; there will be 
no records, television and medicines. 
The possibility of creating high vacuum 
has made a large number of products 
possible. 

When water is put in vacuum, it 
starts boiling. This technique of boiling 
of water is used to concentrate orange 
juice, grape juice, lemon juice and a 


new kind of instant c-uifee. A vacuum 
equivalent to 20 mile altitude, where 
water boils at 50” to 60* 1 ? , is created 
in the evaporating tanks, so that water 
will boil away at low temperatures. 
This helps in protecting the taste and 
flavour of these products. Manufacture 
of blood plasma and germ-killers also 
involve, tins technique because heating 
would ruin them completely. Gold- 
boiling is also used in purifying vita¬ 
mins and other chemicals. The only 
dillercnee is that in tins case it is the 
chemical which evaporates. 

Production of many other things re¬ 
quins absence of almost all molecules 
(400,(KK),000,000,000,000,000, molecules 
per cubic inch) present in a given 
volume of air. These would interfere 
with other molecules and prevent their 
flow, A number of coaled items—lenses, 
automobile insignia, horn buttons inter¬ 
ference, colour filters, mirrors for astro¬ 
nomical telescope and projection tele¬ 
vision sets, electrical condensers, coated 
toys, dccoiative cellophane, phonograph 
record, special camera lenses—are due 
to this technique, 

Articles to be coated are put in a 
vacuum tank, and the material to be 
coated is put in the centre of the tank 
and heated until it vaporizes. These 
vapours then solidify on the article and 
vacuum provides easy flow which result 
in smooth coating. Three dimensional 
items are rotated by a motor inside the 
vacuum chamber to obtain smooth 
coating. 

Vacuum cleaners are not only used 
in work-shops to clear saw-dust and 
chip, but also in houses. The main 
principle is to create vacuum in a 
chamber, which has an opening towards 
the dirty space. As air rushes in to fill 
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the chamber, dust, saw-dust chip and 
other light things go along with it in 
the chambei and collect there, A ves¬ 
sel, christened the essay on can note 
moie than 8,000 cubic yards of dredged 
material in her hoppers using high 
vacuum. Vacuum pumps are also used 
in air-conditioncrs for lifting water from 
bottom to the top. 

High vacuum also helps in metallur¬ 
gical processes, providing new methods 
of refining and oie treatment. Some 
metals like magnesium, lithium, etc. re¬ 
act with oxygen when heated in air 
during extraction fiom their ores. 
But, when heated in vacuum, no oxide 
is formed. Titanium, a very promising 
metal, is a result of this high vacuum 
technique, 

Vacuum casting is also getting promi¬ 
nence. Castings ordinarily contain tiny 
bubbles of gas trapped in the metal, 
which make it weak. When they are 
cast in vacuum there is no air to be 
entiapped and so the castings are very 
strong. 

There are many products, which do 
not require a vacuum for production. 
Instead, they use vacuum as a part of 
their construction, Electric lamp, 
flourescent tube work only when air has 
been lemoved from them. Radio, tele¬ 
vision, X-ray, cathode-ray tubes involve 


(low of elementary pai tides, which are 
stopped by molecules in air. A ther¬ 
mos-flask, refrigerator, ice-bucket-all 
these use double walls with vacuum in 
between, which is peihaps the best heat 
insulation. A large variety of food is 
available in cans 01 ah-tight packages, 
which maintain their freshness due to 
vacuum. 

U-235, which is starting material of 
atom bombs is separated from U-238 
using mass spectiometer. It sends mix¬ 
ed uranium particles into a vacuum 
tank whose « magnet curve their path. 
U-235 curve more than U-238 and they 
aic collected m different collecting bins. 
Atom smashers, like betatron and cyclo¬ 
tron also require vacuum to work. 

It is said that vacuum technique has 
just started. A gieat many pioducts 
are under research. Milk is also con¬ 
densed in the same manner and there 
may be other thousands of canned pro¬ 
ducts. A drug store may have a num¬ 
ber of medicines prepared by the use of 
high vacuum. Vacuum casting may go 
a step further; glass may be made in 
vacuum to get rid of air bubbles, and 
vacuum impregnation may be largely 
used to dye synthetic fibres. There are 
many things on way. What comes first 
and what next we have to wait and 
watch, 



The Underwater 
World 

G. Hajo 


4 mighty animal of our land like 
the elephant, if sent down unpro¬ 
tected to the deepest bottom of the 
ocean, it will be pressed into a clean 
pulp of the thinness of a paper. To a 
layman this statement might appear to 
be paradoxical, curious and impos¬ 
sible one, But, if one understands the 
enormous pressure that exists in this 
vast and unfamiliar world beneath 
waves, he will understand the implica¬ 
tions of this statement. Again he will 
be greatly surprised when he learns that 
a large number of animals live even in 
this world of not only high pressure, 
but also of eternal darkness. 


The man gets the credit of having 
struck with a beam of light the floor of 
the ocean—tin* region to which even the 
sun's rays did not succeed in penetrat¬ 
ing. Man could go to this part of 
the ocean for the first time only in the 
year 1960. One might wonder ns to 
why man with all his oceanographical 
research stations set up at different parts 
of the coastal regions of the world and 
the various oceanographical expedi¬ 
tions organized from time immemorial, 
succeeded in this adventure only in the 
year I960. 

Tin 1 answer lies in the peculiar nature 
of the domain—the deep sea. As one 
goes down, the pressure increases by 
one atmos' (1.0330 kg. wt./sq. cm.) for 
eveiy 10 metres’ increase of depth. At 
the depth of 11 km. an object with the 
surface area of one square metre will be 
subjected to a pressure of nearly 11,370 
metric tons, Even the modem nuclear 
submarines which can operate normally 
at 275 metres below the sea level would 
crumble at 900 metres like an empty 
match box under the sledge of hammer. 
Thus it is more difficult to descend even 
one kilometre into the sea than to as¬ 
cend up a similar height in the air. 

Conquest of the Deep 

Let us find out how man by his sus¬ 
tained effort during the last thirty years 
succeeded in reaching the floor of the 
ocean trench lying at a depth of 10,911.5 
metres below tire sea level. Due to in¬ 
creasing pressure with the increase of 
depth and the capacity of lungs to hold 
limited amount of oxygen, divers can¬ 
not go beyond a certain limit. The 
greatest depth reached by a machine 
diver was 93 metres and a diver in an 
armoured suit had reached 159 metres. 
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Bathysphere 

The earliest actual beginning of des¬ 
cending to the bottom of the ocean was 
made in the year 1930 by two American 
explorers, William Beebe and Otis Bar¬ 
ton. They designed a hollow diving 
ball called bathysphere in which they 
could sit and observe the life in the sea 
through the window of fused quartz. 
The bathysphere was a ball of chilled 
cast iron of 1.37m in diameter with its 
walls 4cm in thickness and the whole 
ball weighing 2.5 tons. The bathy- 
spheie was lowered and raised by 
means of a steel cable from the side of 
a lesearch vessel. The bathysphere also 
contained calcium chloride for absorb¬ 
ing moistuie, oxygen cylinders for 
breathing and soda lime for absorbing 



Bathysphere 

excess of carbon dioxide. The two men 
sitting inside were connected to the 
men on board the research ship through 
a telephone. 

In 1930 they icached a record depth 
of 425 m. They made further attempts 
and reached a depth of 910m in 1934, 
Then the Second World War broke 
out and disrupted their plans. 

They found that at a depth of about 
45m red rays became invisible lo the 
human eye. At 180 m only a pale twi- 



Bathyscape 

light was seen and between that and 
550 m where the last trace of light 
vanished, theie was a steadily deepen¬ 
ing blue light. 

Bathyscope 

Otis Barton constructed another steel 
sphere on the same model as the bathy¬ 
sphere, lie called it bathyscope and 
reached a depth of 1,365 m in the year 
1949. The disadvantages of the bathy¬ 
sphere and bathyscope were that they 
were swinging backward and forward 
like a huge pendulum at the end of 
steel cable and rotated aiound its own 
axis. These made the observations of 
marine life outside, extremely difficult. 
The operating of the diving ball from a 
vessel created certain additional pro¬ 
blems. Therefore the explorers began 
to think about mobile, self-propelled 
deep-sea vessels. 

Bathyscope 

French naval officers George S. Hout 
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and Pierre William began to descend 
into the depths with bathyscapes which 
were quite independent of the surface. 
They could descend and explore up to 
a depth of 4,068 m. The most piominent 
role, for the development of modern 
deep sea diving apparatus, was played 
by the Swiss physicist Auguste Piccard. 
He designed a batliyseape named 
Trieste. It consisted essentially of two 
parts, the float and the cabin. The float 
consisted of 14 chambers, 12 of which 
were filled with petrol and one at each 
end with air. The cabin weighing ten 
tons was 1.40 m in diameter with the 
wall about 18 cm in thickness. Its petrol 
(which is lighter than sea water) pro¬ 
vided the necessary lifting power. One 
hundred and fifty kilolitres of petrol 
gave the vessel an upward lift of 125 
tons. 

The batliyseape could be made to 
sink by flooding the air tanks with 
water. As it goes down the petrol in 
the other tanks becomes compressed 



Bathyscope 


at a greater rate, than the sea 
water under the same pressure, but 
openings into the tanks on the under¬ 
surface allow water to enter. This 
makes the pressure inside equal to that 
on the outside. As water enters, the 
petrol, being lighter and unable to mix 
with it, floats on to the top of it. Two 
propellers are operated by batteries and 
they drive the ship horizontally after it 
is submerged. The descending was 
done, by releasing some petrol. As 
petrol is replaced by water flowing in 
through the openings at the bottom of 
the float, the weight of the batliyseape 
increases and it submerges at the rate 
of about 18 m per minute. The ascend¬ 
ing is done by releasing the rest of the 
ballast which makes the batliyseape 
lighter than the water it displaces. 

The cabin was equipped with an 
echo sounder, an acoustic telephone, 
equipment for generating oxygen and 
absorbing carbon dioxide. There was a 
plastic window in the cabin illuminated 
by mercury vapour flood lights for the 
men m the cabin to observe the nature 
of the sea and the animals living there, 

The historical trip on reaching the 
bottom of the deepest trench of the 
Pacific Ocean—Mariana Trench was 
undertaken by Jacques Piccard, son of 
Auguste Piccard. Mariana Trench is 
in the Pacific Ocean 10,911 m below 
sea level. A mountain as high as Mount 
Everest could disappear in this abyss 
and if a structure 20 times the height of 
Qulub Minar were added to it, the tip 
would still remain hidden some 620 m 
beneath the waves of Pacific, The pres¬ 
sure at this region is 11,278 k.gm./sq.'cm. 
The pressure acting on the vessel on 
the whole at tins depth was about 
120 thousand tons. On 23 January 1960, 
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the young Swiss scientist Jacques Pic¬ 
card and tlie U S. naval officei Donald 
Walsh reached the bottom of the 
Mariana Trench. They took 4 hours 
and 42 minutes for descending and 
spent about half an hour exploring the 
area through the plastic windows. They 
spotted a red shrimp measuring about a 
centimetie and a fish looking like a sole 
of about 30 cm in length. What re¬ 
markable adaptations, these tiny living 
creatures should have to withstand the 
tremendous pressure of water acting on 
them I 

DEEP SEA LIFE 

What do these explorations reveal 
about the nature of life in such deep 
aieas? Life m the ocean depth is very 
much different fiom that al the surface. 
These changes arc not abrupt from one 
region to another but arc gradual. 

Thinly, Populated Dwarf Creatures 

In certain respects the deep sea can 
be compared to the deserts of the land. 
As we go deeper in the ocean, less and 
less of animals come in our hauls. This 
clearly indicates that life becomes 
scarce with the increase of depth. This 
is true not only for larger animals, 
but also for the microscopic animals that 
largely constitute the plankton. The 
term plankton refers to living tilings that 
passively drift and are at the mercy of 
ocean currents. Apart from the scar¬ 
city of animals, there is a decrease in 
their size as the depth increases. In¬ 
deed so marked is their small size that 
the famous Norwegian oceanographer, 
Johan Hjort, called the deep sea animals 
,the Lilliputian Fauna. 

Unending Food Scarcity 

The scarcity of animal life in deep sea 


is mainly due to die availability of very 
little food. Both on land and in sea, 
all animals depend either directly or 
mdiicetly upon plants for their food. 
In the sea, the plants like algae are die 
basic links in the food chain. These 
algae can manufacture their food and 
thrive only in such places where suffici¬ 
ent amount of sunlight is available. 
Since sunlight does not penetrate into 
the deep sea, algae are absent tiiere. 
The organisms living there are mostly 
carnivorous depending upon other ani¬ 
mals for their food. This acute food 
problem is reflected well in the fishes 
which are well adapted to obtain food. 
Many deep sea fishes have wide gaping 
mouths. In some fishes the jaws are 
nearly one third the length of tire body. 
These large mouths help the fishes in 
swallowing their prey which are some¬ 
times twice their own size. The food 
is swallowed whole. Their stomachs are 
highly elastic to accommodate such 
large-sized preys. In order to prevent 
their prey from escaping out of such 
wide mouths die latter are armed with 
sharp, recurved teeth. 

Coupled with large jaws and teedi, 
we find that many of die fishes carry 
lures or baits apparently for bringing 
die prey within reach of the jaws. Such 
fishes arc called angler fishes. On the 
top of their head one or two spines are 
directed forwards bearing a small fleshy 
lobe. To put it in ‘anthropomorphic’ 
terms, small fishes seeing the lobe wav¬ 
ing, approach them to examine them 
out of curiosity. At die appropriate mo¬ 
ment the huge jaws beneath snaps and 
the small fishes find themselves inside the 
mouth of the angler fish. Such angler 
fishes are also found in surface waters. 
The deep sea angler fishes carry a small 
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luminescent organ at the, tip of its 
fleshy lobe. Since the deep sea is dark, 
these wriggling light tags attract the 
fishes to come near them. 

Biohiminesccncc 

Another characteristic of many deep 
sea animals, is the possession of light 
organs. Since the deep sea by itself is 
eternally dark, some of tlie animals like 
the fishes, squids, octopuses, prawns and 
truncates carry their own light. The 
light organs are of many kinds and pat¬ 
terns. In deep sea squids and octo¬ 
puses, the light organs are numerous 
(sometimes about 150 in number) scat¬ 
tered all over their body. In fishes, they 
are larger in size, and are often arrang¬ 
ed in groups. The paltem of light 
organs is often characteristic of a species 
-all members of the same species pos¬ 
sess the same pattern. It is reasonable 
to suppose that members of a species 
will recognize each other by the pattern 
of lights moving in darkness. This will 
be one way in which tire males and 
females would find each other during 
the breeding season. 

Though many deep sea animals are 
found to carry light organs, the way 
some of these animals use the light is 
still a mystery. Some blind fishes 
carry light organs. We do not know as 
to how the lights arc useful to them 
for the recognition of their own mem¬ 
bers, Again in certain others the light 
organs are found on the inside of the 
mouth or in certain internal paits like 
tire liver. Many deep sea fishes carry 
the light organs within their eye balls. 
Perhaps they make use of their light to 
focus on their prey. Some deep sea 
prawns and squids use light for their 
defence. When attacked by an enemy, 


they throw out a luminous cloud, just as 
squids living near the surface squirt ink 
to confuse their pursuers. A cloud of 
ink in regions of eternal darkness would 
be useless, but a blaze of light will 
daz/le, tire attacking animal and provide 
a chance to the victim to escape, 

Wo have seen that many deep sea 
animals possess light organs. These 
animals with a few exceptions often 
have large eyes to recognize the pat¬ 
terns of these 1 light organs. The enor¬ 
mous and often ssuiccr-like eyes enable 
these animals to see clearly their en¬ 
vironment which arc lighted only with 
faint light of the luminescent oigans, 
There are again fishes in the same region 
which are either completely without 
eyes or have only tiny remnants of eyes. 
The blind fishes are very sensitive to 
vibrations in the water. One of the 
striking feature of the deep sea fishes 
is that most of them carry ‘feelers’, 
These arc often long barbels from the 
clnn sometimes highly branched or un¬ 
branched but long and threadlike mea¬ 
suring five or six times the length of 
the fish. The feelers are often consi¬ 
dered as organs of touch and even of 
taste. 

Males Parasitic on Females 

Tire breeding habits of some of the 
angler fishes reflect the thinness of the 
population and the problem of finding 
their mates in deep sea. The females 
of some of these angler fishes are about 
one metre long while the males are not 
more than 10 cm long. Although the 
adults live at great depths, the young 
ones ascend up to the surface waters and 
feed on the plankton. After they grow' 
to a certain size, drey descend down 
into the deep waters. Tire females grow 



Fig. 2A A deep sea fish 
with its stomach gorged 
with prey bigger than its 
own size. 

Fig. SB Deep sea female fish 
to which males are attached. 

Fig. 2C Other deep sea 
fishes showing wide mouth, 
long feelers. 

Fig. 2D Sharp recurved 
teeth and lures to attract 
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Eat and round while the males aic slen¬ 
der with laige eyes and special teeth 
on the snout. The males go in search 
of females, As soon as a male finds a 
female, it immediately seizes it by the 
skin and gets attached to any part of the 
body with which it comes in contact. 
From this clay the male starts its parasi¬ 
tic life on the body of the female. The 
skin of the male fuses with female, leav¬ 
ing a hole on either side if its head to 
allow for breathing. The digestive 
organs of the male shrivel away and its 
blood vessels join those of the female. 
The male is nourished by the blood of 
die female. The purpose of the life of 
the male is reduced simply to fertilize 
the eggs. Male becomes merely a 
small hag-like appendage carrying the 
reproductive organs inside it. Such an 
adaptation as this avoids the scaicliing 
out of its mate at die time of the breed¬ 
ing season. 

Fragile and Lightly Built Body 

In deep sea, tlieie is very little move¬ 
ment of water. The changelessness of 
the environment is a remarkable feature 
at ocean depths. Idle maich of seasons 
are not at all felt there. Hence there is 
no need for fishes to have powerful 
build of muscles or strong fins which are 
often adapted to overcome the resis¬ 
tance offered by the strong currents of 
water The bodies of deep sea animals 
are often fragile and lightly built. This 
is well seen in deep sea octopuses and 
fishes. Deep sea octopuses, in contrast 
to their relatives found in suiface waters, 
have jelly-like bodies with webbed ten¬ 
tacles. They can easily be mistaken 
for a jellyfish. The body of deep sea 
fishes is often either slender with a long 


tail or laterally compiessed as in the 
hatchet fishes. 

Dull ColourIr,vs World 

Another cbaractciistic of the deep sea 
fauna is the absence of colours. Nor¬ 
mally in the surface layers, fishes, 
prawns, octopuses and oilier animals are 
highly coloured and many fishes are 
blue oi green at the back and silvery 
below. Fishes found at depths 145 to 
180 m, when* there is a perpetual twi¬ 
light arc silvery all over tlieir body, 
From 180 to 1,800 m there is very faint 
light and the fishes have black coloured 
body. Other animals m these waters 
though mainly transparent become darker 
and predominantly ted in colour be¬ 
yond 450 m From 1,800 m and below 
where, there is eternal night the fishes 
are either uniformally black or colour¬ 
less and transparent. 

Tire floor of the deep sea is a semi¬ 
fluid mud. It is formed of a bottom 
ooze. There is the danger of heavy ani¬ 
mals getting sunk m them. The deep 
water animals in addition to being 
small, often have long appendages. 
Crabs and prawns for example, have 
long legs. Sea-spiders have the main 
body of about a centimetre in length 
but legs of more than ten centimetres 
long, Sedantary animals—animals that 
remain stationary in one place—have 
long stalks and rafts. Sea pens have 
stalks embedded in the mud, holding 
their main body high in tiro water. 
Sea-lilies also have very high stalks 
bearing lire body well above the bot¬ 
tom sediment. Many of the deep sea 
sponges are stalked or have the body 
seated on a raft of long tangled glass 
threads or spicules, In addition to 
long appendages, stalks and rafts to 
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keep the deep sea animals fiom sinking 
into the ooze, a number of oilier adap¬ 
tations are found m different animals 
foi achieving the same end. One deep 
sea octopus has a flattened body like 
a paiachule with short and stout ten¬ 
tacles. Deep sea staifishes have flat¬ 
tened bodies with long slender arms; 
sea-ui chms have long slender spines. 
All these structures help these animals 
from getting sunk into the soft sedi¬ 
ment, 

How are the deep sea animals ablo 
to withstand the enormous piessuie 
acting on their bodies? This is still a 
mysleiy with regaid to many gioups 
of deep sea animals. But we know 
how the fishes arc adapted for this, 
Fishes have an organ called swim blad¬ 
der, This may be of different shapes 
and sizes in different fishes. They help 
the fishes to swim at different depths. 
Deep sea fishes secrete a gas inside the 
swim bladdci. The pressure of this is 
kept equal to that acting on their out¬ 
side bodies. Some deep sea fishes 
swim up to considerable distances in 
search of food. These are able to alter 
and adjust the pressure inside with that 
acting on their bodies at different 
depths, Sometimes certain fishes that 
cannot adapt themselves to the chang¬ 
ing pressures, attempt to swim up, As 


it uses, the water piessuie acting on 
them decreases and this causes the gas 
in the swim bladder to expand and the 
fish rises up against its wish. As it 
gets near the surface, the organs in¬ 
side the fish swell up and the fish dies 
bursting like an over-inflated balloon. 

The temperatuie of the water at 
great depths is below the freezing point 
and yet the fishes do not freeze to 
death, Recent experiments conducted 
in the laboratory showed that fishes 
would remain alive in super-coolcd 
water until they came into contact with 
ice crystals. Then crystals aie formed 
within their bodies and they freeze to 
death. But m deep sea water ice 
crystals never form, even though the 
temperature is below the freezing 
point, The great pressure lowers the 
freezing point and prevents the forma¬ 
tion of ice crystals. 

Thus the deep sea woild is a strange 
one-it is one which is very difficult to 
imagine. Many of its aspects still re¬ 
main a mystery to man. It is the hope 
of the marine biologists and oceano¬ 
graphers that in future better equip¬ 
ment for studying the deep sea will be 
available and many enthusiastic ‘hydro- 
nauts’ will take up the challenge and 
claiify the prevailing mysteries of the 
deep sea and its life. 



Classroom 

Experiments 


A Simple Chemistry Kit 

M.C, Pant, NX Sanyai. 
and V.A. Glxjsiienkov 


Y' 1 HEMISTRY is an experimental 
^ science and the most enjoyable part 
of it is experimentation Laboratory ex¬ 
periments are very impoitant for a 
better undeistading of the theoretical 
and practical aspects of chemistry by 
the pupils. These laboratory experi¬ 
ences add reality to the text material, 
develop a first-hand familiarity with 
equipment, materials and techniques, 
allow the students to demonstrate 
things that are alieady known to be 
true and grve them an opportunity to 
seek answers to their problems by 
designing expriments to test their* pie- 
dictions. These laboiatory experiments 
go a long way to help the children to 


acquitthf basic lahcualoiy skills 
which an vciv nupmtant in any pro- 
gum mio uf chcnnstiy teaching. 

The main defect with our teaching 
til science today al the middle stage is 
that the ehildicii aic hardly allowed 
any oppmliuiily to do experiments* by 
tlicnisches or arc shown demonstra¬ 
tions by (he teachers. One of the 
masons for this is the shoilage of 
laboratories* and equipment, 

With a little planning and resource¬ 
fulness on (lie pait of the teacher it 
is possible to piovido a number of 
simple laboratory experiences in che- 
mixtiy to (he middle school sLudents 
even in the ordinary classroom by mak¬ 
ing available simple kits. 

This kit can also be used by the tea¬ 
cher to show a number of demonstra¬ 
tions, lint the effective use of this could 
lie made by allowing the pupils them¬ 
selves to perform a number of simple 
labonilmy experiments which generally 
find a place in a regular chemistry pro¬ 
gramme for middle schools. 

Desciiption of the Kit 

1. A wooden block 10 cm X 7 cm 
X 4.5 cm. It has two cylindrical de¬ 
pressions one big (2 cm deep and 2,5 
cm in diameter) at the centie of the 
broad face and the other a small one 
(3 cm deep and about 3 to 4 mm in 
diameter) al one side of the same face 
about 3 cm away from the big depres¬ 
sion. These depressions are scooped 
out of the wooden block (Fig- 1). 

2, A spiral support made of iron 
wire of about 3 mm diameter. The 
spiral has a diameter of 2,5 cm and is 
bent at an angle of 90° so that the 
length of the knee of the spiral is about 
17 cm (Fig. 2a). 
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3. A ring support made ol similar 
iron wire used for making the spiral. 
The diameter of this ring is about 5 
to 6 cm. and the ring is also at an 
angle of 90' so that tire length of the 
knee of the ring equals about 13 cm, 
(Fig. 26). 

4. Two glass tubes bent at right angles 
with the length of each arm being 
4 cm. 

5. Two glass tubes bent at light angle 
with one arm of length 4 cm and the 
other of 16 cm. 

6. A glass tube bent at right angle 
with arms of length 10 cm and 4 cm. 
The 10 cm arm has a nozzle at its end, 

7. A glass tube 14 cm in length. 

8. A glass lod of about 17 cm in 
length with a small rubber cap (made 
out of rubber tubing) at one end. 

9. Two glass tubes bent at an angle 
of about 45° with length of 2 cm. each. 

10. A glass funnel of diameter 6,5 
cm. 

11. Two boiling tubes of standard 
size (15 cm X 2.5 cm). 

12. Six test tubes of standard size 
(15 cm X 2 cm). 

13. One 100 ml beaker and one 50 
ml beaker (Borosil). 

14. A beaker cover of 12.5 cm dia¬ 
meter. 

15. A medicine dropper. 

16. Small deflagrating spoon. 

17. A collapsible test tube stand. 

18. A test tube holder. 

19. A small school type metallic 
spirit lamp, 

20. Asbestos-covered wire gauze 
(small size), 

21. A small porcelain or enamel dish 
(diameter of about 10 cm), 

22. One pinch-cock. 

23. Three pieces of rubber tubing 


each of 3 cm length to fit with the glass 
tubes and one spare piece of rubber 
tubing 10 cm long, 

24. Following types of rubber stop¬ 
pers: 

(i) One stopper No. 7 size with one 
hole; (ii) one stopper No. 7 size with 
two holes; (hi) one stopper No, 2 size 
with one hole; and (iv) four stoppers 
of No. 2 size. 

25. Twenty-five filter paper circles 
of 10 cm diameter. 

26. Blue and red litmus paper books 
— one each. 

Use of the Kit 

With the help of this kit it is possi¬ 
ble for students and teachers to do a 
number of laboratory experiments 
which generally find a place in a mid- 
dlo school chemistry programme, e.g., 
for preparing oxygen, hydrogen or car¬ 
bon dioxide and studying their pro¬ 
perties, we can assemble the various 
parts of the kit as shown in Figs. 3 and 
4. Other experiments which can be 
shown arc the burning of hydrogen 
gas (Fig. 5), the reducing property 
of hydrogen gas by passing it over cop¬ 
per oxide taken in a boiling tube (Fig. 
6), the crystallizing of common salt or 
the study of the sublimation of iodine 
Fig, 7) and doing filtration (Fig. 8). It 
would thus be seen that this kit would 
be sufficient to provide simple type of 
individual laboratory experiences to the 
children and develop in them the 
necessary experimental skills. Another 
advantage of this kit is that very small 
quantities of the chemicals would be 
needed for performing the experiments, 
thus effecting a considerable saving in 
both money and time. With variations, 
a number of other experiments can also 
be organized by the class teacher. 
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The whole kiL can be conveniently 
packed in a wooden box of 30 cm X 
25 cm X 10 cm with partitions. The 
above kit can be easily prepared in 
the school itself if there is the facility 


of a small school workshop oi wood 
v orking class. The glassware can 
easily be bought fiom the market. 
The cost of the kit would loughly 
come to about rupees twenty. 
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Science 

Abroad 


Science Subjects in 
School Curriculum 

I. D. ZVEHEV 


H UMANITY lias accumulated a volu¬ 
minous knowledge of nature, known 
as science. A gicat vaiiety of natural 
bodies and phenomena under study, 
and their systematic organization have 
led to the creation of a number of in¬ 
dependent sciences, which at the veiy 
beginning of the accumulation of form¬ 
ing scientific knowledge constituted a 
common physics, the science of nature. 
Recently, there has appealed quite a 
number of new branches of indepen¬ 
dent natural sciences. Physics, for ex¬ 
ample, is divided into classical physics 
and quantum physics. In their turn 


they < nnsis! ul mechanics, molecular 
physics and electrodynamics. Theory 
ul lehitmtj constitutes an independent 
launch of physics 

Chemistry also consists of a num- 
bei nt bumclics: liioigame, oiganic, 
plivsieul. analytical, colloidal, etc. 

Know ledge of the living has built 
up an evtiemely complicated system: 
botany and zoology am main in this sys¬ 
tem. These sciences in Lheii turn con¬ 
sist of morphology, anatomy, histology, 
physiology, cmlnyology, ecology, tax¬ 
onomy, palaeontology, etc Physiology 
of the human body forms an indepen¬ 
dent science. It may furthei be divid¬ 
ed into a uuiuhei of eoncietc branches 
of science. A significant role is - attach¬ 
ed nowadays to mieiobiology, cytology, 
genetics, theoiy of evolution, etc. All 
these aie blanches ol biology and are 
closely con elated between themselves 
and with other adjacent sciences 

A systematization of sciences is based 
on tin 1 coi relation of phenomena, This 
thesis is proved by the following ex¬ 
ample: mechanical motion of a mole¬ 
cule is closely interwoven with tliennal 
phenomena; the motion of charges con¬ 
ditions electomagnelic phenomena, 
which may result in chemical tians- 
foimalion ol protein—the bearer of life, 
fonnalion of protein the bearer of life. 
Thus, due to the correlation of a num¬ 
ber of phenomena, physics, chemistry 
and biology arc correlated too. 

Natural sciences reflect objective 
laws of naUue, thus conditioning cor- 
1 elation of bodies and phenomena in 
nature. Accordingly, all the adjacent 
sciences aie closely interwoven and 
this is well pioved by the development 
of scientific knowledge at the junction 
of sciences. Mutual penetration of 
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scientific knowledge is rollocted m the 
appearance oi neighbouring sciences, 
e."., geophysics, biophysics, physical 
clumistiy, 1 nonics, bimnetiy, cybeinc- 
tics, etc 

Science is closely linked with practi¬ 
cal, eg., physics and eliemistiy deal 
with the themctical basis of piodnelion 
of materials, instiumenl-mahing, ma¬ 
chine-building, etc., biology I'm medi¬ 
cine, agiiculture, mitiition, etc. The 
application of scientific knowledge 
leads to new pioblems for which solu¬ 
tions arc constantly being sought by 
scientific leseiucli. 

The above system of sciences should 
detcimine the system of school science, 
subjects as a systamatized knowledge 
of physics, chcmisliy. biology, etc 

Ycdagogiuil Conn 1 ))! of Correlation of 

Subjects 

To avoid the possibility of isolating 
the vtuious school science subjects as 
physics, chemistiy and biology, it is 
necessaiy to bring in the interconnec¬ 
tion of the knowledge of these fields. 
This can be biought about by a con¬ 
stant correlation of these subjects. 

This correlation of subjects can be 
effected by: 

1. Emphasizing the univeisality of 
tho leading ideas of science in its 
vauous disciplines, a. g., we know such 
fundamental laws of science as tho laws 
of conservation of mass and energy. 
In physics, the universality of the law 
of conservation oi energy is proved by 
the following example; 

The initial research of b-decay prov¬ 
ed that the energy of the atom before 
decay is more than the energy of the 
new atom and the eneigy of the newly 
formed election. A further research of 


tins phenomena, which seemed con- 
liadicling this law, had led to the dis¬ 
cos cry oi a new paitiele neutrino 
It tinned out that the energy of the 
atom holme decay is exactly equal to 
tin* enngy ol a newly fmmed atom, 
the cungy ol an election and the 
ningy of a lieuliino. Thus, the couocl- 
ncss oi the law of conservation of 
ningy has been pioved. At the same 
time a number of othn phenomena 
(eg, decay) bioaden mil idea of this 
law, thus emphasizing the possibility of 
mutual tiansfoiniation of substances 
and energy and the fact that eneigy 
nnthm disappeais nor appears, but is 
Iranslorined m equivalent quantities 
from some fmm into the other. Much 
is said of this in the course of chemistry 
when the teachci shows that the weight 
ol the substances coining a reaction 
is usual to the weight of the substances 
formed as a lcsult of the reaction. In 
biology, this law can be illustrated by 
the billowing example: 

The quantity of eneigy and sub¬ 
stances consumed by a green plant is 
equal In the quantity of llie fonned 
mass and eneigy (here aic meant ex- 
pnimnUs in photosynthesis with due 
regard 1m the amount of the eneigy 
absoibcd by giecn plants and discharg¬ 
ed in tho process of their burning). 

Thus physics, chemistiy and biology 
give innmnoiablc* examples of pioving 
the laws ol conservation of mass and 
energy and, consequently, the univer¬ 
sality of this law. 

2. Tin*, con elation of tile science sub¬ 
jects is also ldli eted m thc v use of special 
science concepts and facts in the related 
science subjects, c g , the concepts and 
i'acaiul knowledge of chemical elements, 
types of reactions etc., are obligatorily 



144 


school science juni: 1967 


referred to while studying the cell 
composition, metabolism and respiration. 
The biological concepts relating to the 
role of oxygen in the life of an organ¬ 
ism is mentioned while explaining the 
oxygen exchange in nature and reveal¬ 
ing full characteristics of its physical and 
chemical properties in a lesson of che¬ 
mistry, 

3. Application of the same methods 
of research in the course of examining 
the phenomena m various sciences, e.g., 
physical and chemical methods are em¬ 
ployed to examine the functional pro¬ 
cesses in the oiganisms. Electric and 
electronic equipment (electronic micros¬ 
copy) facilitates the comprehension of 
the most complicated mechanisms of the 
life of a cell tissue, organs and organ¬ 
ism as a whole. Studying of the func¬ 
tions of cell and organism is based on 
biochemical analysis. 

While mapping out the contents of 
any school subject, one should always 
bear m mind the proper time for intro¬ 
ducing these concepts and facts which 
are necessary for building up and deve¬ 
loping knowledge in some other school 
subjects. This is an extremely difficult 
and responsible task. 

While introducing any change and im¬ 
provement in the content of natural 
science education, one should take into 
consideration the correlation of school 
subjects, e.g., elementary idea of the 
composition and properties of water and 
air is introduced in classes IV and V. 
thus facilitating studying the functions 
of plant and animal organisms (botany 
and zoology); later on this elementary 
idea helps pupils to study more pro¬ 
foundly the propei ties of oxygen, car- 
bondioxide gas, etc. It is very im¬ 


portant to determine what knowledge 
is common foi these school subjects; 
when and in what subject this know¬ 
ledge should be introduced; what 
should be the methodical ways of re¬ 
ciprocal employment of correlation 
links in these school subjects. 

Correlation of subjects should be 
based on a reciprocal agreement of the 
content of all the science subjects, e.g., 
explanation of the function of an air 
bladder, in class VII is possible due to 
pupils’ knowledge of Archimedes prin¬ 
ciple studied earlier in class VI. 
A graph of the solubility curve of salts 
studied in the lessons of chemistry in 
class IX can be easily comprehended 
by pupils in case they have mastered 
the notion of functions in lessons of 
mathematics in class VIII. 

The idea of proportion (class VI) is 
widely used for finding the percentage 
of substances in solutions, calculating 
the percentage of substances by for¬ 
mula (class VII) and equations in the 
course of chemistry (class VII). 

The concept of catalyst lays a good 
foundation for revealing physiological 
concept for fermentation in the course 
of anatomy, physiology and hygiene of 
man in class VIII. 

To facilitate pupils’ comprehension 
of the physical laws, it is necessary to 
refer to their knowledge of mathema¬ 
tics, On the basis of graphs, concrete 
physical phenomena can be described 
mathematically. The application of 
mathematical knowledge in studying 
mechanics (class IX) in the lessons of 
physics has resulted in the introduc¬ 
tion of the new theme vector in the 
course of physics. Here are some 
other examples : 
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Correlation of physics (clast V!) with science .subjects. 
In the theme " Physical phenomena " 


Knowledge of physics 

1. Physical quantities 

2. Precesion of measurement weighing 
3 Graphic expression of force 

4. Specihc gravity 


Knowledge of the school subjects 
referred to 


1. Measurement of length and volume 
(mathematics) 


2 Rounding off. Approximate calcuia 
lions (mathematics) 


3 Construction of segments of given 
length, 

scale (mathematics) 


4. Volume of rectangular parallelepip¬ 
ed. Volume of a cylinder, area of a 
icclangle. Aioa of a circle. Division 
(mathematics) 


Correlation of chemistry with other school subjects: 

In the theme “ Elementary information of structure ami composition of substances " 


Knowledge of chemistry 

1, Atom-molecular study 

2. Metals and non-metals 


3. Distribution of most important 
chemical elements in Nature 


4, Calculation of the percentage com¬ 
position of substance by its formula 


Knowledge of the other science 
subjects referred to 

1. Brownian movement, impact of 
temperature and pressure on the 
movement of molecules, change of 
state, expansion etc (physics) 


2 Physical properties of solids 
(physics) 


3. Mountains, rocks and minerals 
(natural history) 


4. Calculation of percentage. Propor¬ 
tion (mathematics) 


5, The role of M, V. Lomonosov in the 5. Versatile activity of great Russian 
development of chemistry scientist M V Lomonosov in the 

sphere of science, art, liteiature 
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Thorn exist ceilam objective difficul¬ 
ties in ellecting u correlation of .sub¬ 
jects which are beyond tins means of 
the teacher. It is not always that pre- 
viously acquit cd knowledge of olhex 
science subjects guamntees the. teach¬ 
ing of the main system of concepts in 
any subject. These difficulties may be 
overcome by changing the order of in- 
tioducing separate themes; adding con¬ 
cepts borrowed fiom other science sub¬ 
jects, c.g., certain pioblems of chemis¬ 
try are included m the course of 
botany (classes V and VI), elements of 
ashonoiny m the course of physics 
(class VIII, solar and lunai eclipses, 
etc.) 

In sonic cases the studying of mmo. 
complicated concepts is shifted to senior 
classes when pupils get a moic sound 
basis foi comprehension of ideas and 
are equipped with the knowledge of 
other science subjects, c.g., elcctiolytic 
dissociation (chemistry in class IX is in¬ 
troduced after the study of the struc¬ 
ture of atom and the theory of atomic 
and ionic bonds; complicated physio¬ 
logical concepts of cellular metabolism, 
biological lole of reflexes, appearances 
of life on eaith aie taught m the les¬ 
sons of biology in class IX, 

In this paper it is not pioposed to 
discuss all the cases of correlation of 
natural science subjects. But never¬ 
theless we can already see the variety 
of these bonds. They stimulate build¬ 
ing up the system of flexible know¬ 
ledge, that is, tlic knowledge which 
pupils can employ m various school 
conditions and in practical life, 

Correlation of subjects stimulates 
forming pupils’ woild outlook, promot¬ 
ing their general mental development 
and comprehension of the bases of 


sciences m each school subject. 

h’m the sake oi sliietly keeping the 
emielation la tween subjects, a teachei 
should; 

1 get acquainted with the syllabi of 
all the school subjects; 

2 pick out the leading ideas for the 
revealing oi which the teacher 
should utilize the conflation be¬ 
tween subjects, 

6 take into consuleiation pupils’ 
knowledge of other subjects; 

1 cooidinate with his colleagues 
ways or overcoming the difficul¬ 
ties due to poor correlation be¬ 
tween subjects, 

(Inmal St mire tint! Co'nlcilion of 
Subjects 

At tlic lessons of general science, 
pupils also get acquainted with variety 
ol objects and phenomena. But the 
stiucline of this course greatly hindeis 
the building up of a systematic know¬ 
ledge of nature for the pupil, The 
main shortcoming of general science lies 
in its presenting a complex of various 
problems having no harmonious struc¬ 
ture as a whole. 

General science contains interesting 
material, well illustrated and full of 
facts. But the mam shortcoming is 
characteristic of all the. syllabi and text¬ 
books in general science that they aie 
mostly composed of isolated themes, 
Pupils in each class study independent 
fragments fiom the field of physics, 
chemisliy, biology, and astronomy and 
it is veiy difficult to establish any bond 
between these fragments. 

The Syllabus in Geneial Science 
(New Delhi 1963) for class VII 
contains; air, rocks, soils and minerals, 
respiration and circulation, excretion, 



SCIENCE AB110AU 


147 


housing and clothing, encigy and 
WO ik, etc. Wo sec that all these themes 
cannot build up a systematized content 
that is chainotorislie of a discipline 

Eclecticism of geneud science syllabi 
is acknowledged by its champions 
II. R, Saunders considers: “The gioa- 
tost and most damaging criticism of 
a geneial science syllabus is that it is 
all ‘bits and pieces’, ‘bits and pieces’ 
of knowledge of vaiious scientific fields 
cannot replace knowledge of the bases 
of science in such school subjects as 
physics, chemistry, biology, etc.” 

At fust sight it may set in that geneial 
science envisages con elation of natmal 
phenomena, hut absence of logical bonds 
between separate paits of this school 
subject objectively makes it difficult to 
lealize it, 

ft is woith mentioning that the 
attempt ol the Crucial Science Syllabus 
(New Delhi 1963) is to display the deve¬ 
lopment of sepai a to problems by units 


(fiom classes I to VIII). 

Ihii still llieie aie two essential 
shoiteomings, 

1 The piobloms and trends deter¬ 
mining the formation of scientific 
knowledge, in each class aie far 
too nmneious, 

2, Difficulty of systematization of 
knowledge due to its absence of 
coordination, 

Af.'oi all, these 13 units may be 
syslemali/ed as the, following school 
subjects: gcogiaphy, biology, chemistry, 
physics, and homo science. All the parts 
of general science complex are separat¬ 
ed and, at the same time, unified, 

Cion elation of subjects may be estab¬ 
lished in the pieces,s of studying the 
bases ol sciences, They may be done 
by introducing the knowledge giadually 
and then bringing the more complicated 
themes so that all the themes and units 
of various subjects are closely inter¬ 
woven and systematized. 


It Is V V, R V. N C K S 

1 HR Saunders, “The Teaching ol General Science in Tropical Secondary 
Schools", London, Oxford University Press, 1963, p 26 

2 Geneial Science Svtlabin- -(las u-t /-1 Ilf, NCERT, 1963 



Science Abroad 


Teach inf:; of 
Chemistry in Asia 
L.E. Strong 


T N September 1965 a project was 
begun to develop new materials and 
methods for secondary school chemistry, 
unesco, through its Science Teach¬ 
ing Division, established the project 
and supplied a major share of the 
financing, Through a generous offer 
of assistance from the Thai Govern¬ 
ment, the project headquarters have 
been established in Bangkok at Chula- 
longkorn University. Invitations to 
participate were issued to all Asian 
nations who are members of unesco, 
Twenty-two participants have assembl¬ 
ed under the leadership of Dr. M. Sliaf- 
qat Siddiqi, Professor of Chemistrv at 


Peshawar University, Pakistan and Dr, 
Laurence E, Strong, Professor of Che¬ 
mistry, Enrlham College in the USA. 
The countries represented are Israel, 
Afghanistan, Pakistan, India, Ceylon, 
Burma, Thailand, Malaysia, Philippines, 
Republic of China, Korea, and Japan. 

The Pilot Project is scheduled to 
operate through July of 1965. In this 
period material will be developed for 
two or three topics that could be useful 
parts of a secondary school chemistry 
course. Once developed these materials 
will be made available to groups in the 
participating countries for trial and 
evaluation, Although the international 
nature of the project has made English 
seem the best madium for operations, 
it is hoped that suitable translations 
will be made in the participating coun¬ 
tries. 

The student laboratory work in che¬ 
mistry needs to be revitalized and made 
more central to the instruction process, 
To this end, the main efforts of the 
Pilot Project arc directed towards the 
development of new laboratory experi¬ 
ments, supported by appropriate direc¬ 
tions for students and interpretation for 
teachers. In addition, questions, pro¬ 
blems, and short films will be fitted 
together so as to provide students with 
material sufficient to permit them to 
draw significant conclusions. It is in¬ 
tended that the course material will 
acquaint students with chemistry as a 
method of inquiry. Therefore the main 
attention will be to the problems of 
the acquisition and the interpretation 
of data. 

There are several facets to the work 
of the Pilot Project. First, the sub¬ 
ject matter of each topic will be analy¬ 
zed in sufficient detail tn be sure iust 
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what is the nature of the. chemical pro¬ 
blems to be presented to the students. 
Second, the activity desired of the stu¬ 
dent will be worked out in detail. 
Third, a teaching programme will be 
devised, adequate to produce the 1 desir¬ 
ed student behaviour. Fourth, the. 
teaching programme will be tested on 
students to find out if the several steps 
lead to the deshed alteration in stir- 
dent behaviour. When it is demons¬ 
trated that the. course materials are 
suitable, bits will be produced and 
made available to participants for use 
m their own countries. 

The first topic selected for develop¬ 
ment is that of stoichiometry. It may 
come as surprise to chemistry teachers 
that this topic could be profitably 
analyzed beyond what lias long since 
been customary in textbooks. How¬ 
ever, when one examines the presen¬ 
tation made even in the best textbooks 
certain difficulties become evident. It 
is quite common for students to study 
the reaction of a metal such as iron 
with sulphur as an example of a 
chemical reaction. Evidence that a 
chemical reaction occurs is obtained by 
showing changes in magnetic proper¬ 
ties, in colour, in Temperature, and 
solubility. Yet if one asks just how 
these piopcrty changes are evidence of 
chemical reaction, there is not a very 
convincing answer. Certainly there are 
many reactions known where most if 
not all of the changes observed for 
iron and sulphur do not occur. Fur¬ 
ther, several of the changes observed 
for iron and sulphur can ire produced 
in interactions which would haidly be 
regarded as chemical reactions. So one 
must conclude that the changes to 
which the students’ attention is called 


are neither necessary nor sufficient for 
indicating the underlying nature of 
chemical reaction. 

Through discussions among the 
paitieipants in the Pilot Project we 
have drawn some, conclusions about 
the general characteristics of a chemi¬ 
cal miction. In a reaction between 
two substances that are mixed together, 
a product is produced whose proper¬ 
ties are distinctly different from the 
initial reagents. This difference in 
properties is not altered by changes 
over a considerable range of the initial 
mtio of reagents. If the total quan¬ 
tity of the reagents is kept fixed while 
the idative amounts are altered, then 
it is found that the quantity but not 
the properties of the products change. 
By contrast when the mixing of two 
substances le,suits in a solution rather 
than a inaction it is found that the 
total quantity of solution remains con¬ 
stant but its properties alter as the re¬ 
lative amounts of reagents are altered. 
It would seem that it is these genera¬ 
lizations that need to be encouraged by 
adequately designed experiments if 
students are to proceed effectively in 
their study of chemistry. Work along 
these lines is going forward at the 
present time. 

The services of several consultants 
have been obtained. These include: 

Frank Ilalliwell, Header in Science 
Education at Keele College, England, 
and also Director of the Nuffield 
Chemistry Project. 

Francis Mechner, Vice-President of 
Basie Systems, Inc., New York, who is 
an expert in the design and use of pro¬ 
grammed instruction. 

Denis Segaller, shell Oil Co., 
England, who is an expert in the 
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production of science films and lias 
developed 8 mm film loops for the 
Nuffield Chemistiy Project. 

H, J. Amikar, Profcssoi of Chemistry, 
University of Poona, India, who has been 
closely identified with the chemistry 
institute programme in India and is an 
expeit in physical chemistry. 

V.A. Glushenkov, Assistant Piofes- 
sor of Chemistiy, Moscow Peda¬ 
gogical Institute, who lias been work¬ 
ing as a unesco expert in India. 

Le Xuan, Piogiamming Expert with 
the Education Department of unesco 
Once the Pilot Project has develop¬ 
ed suitable teaching materials, it is 
necessary to try them out with stu¬ 
dents. Preliminary trials will be con¬ 
ducted by the project with English lan¬ 
guage students. For further tiials in 
Asian Schools we look to assistance 
from study groups. Each participat¬ 
ing countiy has been asked to establish 
one or more study groups affiliated 
with the Pilot Project. These study 
groups will be kept in touch with 
Pilot Project activities and be consult¬ 
ed on a variety of questions. It is 
hoped that the study gioups can pro¬ 
vide translation facilities. Most im¬ 
portant to further development of im¬ 
proved science courses is the nucleus 
provided by the study groups. 
Tluough them it is hoped that the 
efforts initiated by the pilot project 
will be continued. Participants in the 
Pilot Project expect to return home and 
act as resource people and sources of 
inspiration for study groups, unesco 
plans to provide some coordination ser¬ 
vice and a limited amount of supplies 
as the study groups continue work 
over the next several years, 


Improved nuclei standing of natural 
phenomena is a never ending task, 
With impioved understanding come new 
and better possibilities for science edu¬ 
cation The unesco Pilot Pi eject is one 
of Severn! efforts directed towards com¬ 
bining the best insights of modem 
science with the best leaching proce¬ 
dures The goal is: young people with a 
zest for and an ability to pursue inquiry 
into the world aiound them whether they 
become professional scientists or not, 
Through inquiiy, it is believed, will 
develop incieased awaieness of the 
manifold ways in winch diverse cx- 
poiicnccs can be tied together in a 
meaningful way. 

Work Done 

The first topic taken up by the parti¬ 
cipants was stoichiometry. This topic 
lias to do with the mass relation that is 
characteristic of a chemical reaction. It 
has seemed wise to divide this topic 
into two pails. The first part is quali¬ 
tative in nature and is concerned with 
the characteristics by which a chemi¬ 
cal reaction may be distinguished from 
other types of change. The second part 
is more quantitative and is concerned 
with the mensuiement of the mass 
ratio between the components of a reac¬ 
tion. 

The general method adopted for the 
development of a topic is based on a de¬ 
tailed analysis of the subject matter. 
With the detailed analysis in hand it is 
then possible to work out a suitable pro¬ 
gramme of study for the student. In 
the analysis of the nature of a chemical 
reaction it is interesting to note how 
difficult it has been to get agreement 
among the group of chemistiy teachers 
in the pioject. It may well be that there 
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is no generally satisfactory definition 
0 f a chemical reaction that can bo 
applied with equal fitness to every situa¬ 
tion. However, we ate pie tty well 
agreed on the simplest case, 

The simplest obseivahlo chemical 
leaction seems to bo one in which the 
moving of two cMeioni initial materials 
gives rise to a new phase that diffns 
from each of the initial materials. Tins 
new phase foims the entiie system for 
just one composition of the system. 
For all other ratio of the initial materi¬ 
als the final form of the system is made 
up partly of the new phase and one or 
the othei of the initial matonals. In 
this form a chemical reaction stands in 
contrast to the case where the mixing 
of initial materials leads to a single new 
phase for all compositions of tlx* sys¬ 
tem, In this latter case the system 
is described by the term solution. 

Experimental wmk within tlx; pro¬ 
ject has been diiected toward various 
systems that can be used with students 
as examples of chemical reaction K, 
Nakanishi of Japan and Hi Chul Lee, 
of Korea have been working on the reac¬ 
tions of lead and copper with sulphur, 
They have previously tried miagnasium 
and sulphur and also non and sulphur 
but each piovcd unpractically slow for 
student use. Peng lias been working 
on the reaction of various metals with 


iodine. 

Several persons have been woiking 
on the foimatum of alums, In paiti- 
eulai M. N, Nawahi, Afghanistan anti 
C.H, Klioo of Malayasia have worked 
on tin* formation of copper ammonium 
sulphate from copper sulphate and am¬ 
monium sulphate while U Tin Pc of 
Bmma has been working on the for¬ 
mation of nickel ammonium sulphate 
and A M, Hanawceia of Ceylon has 
been woiking on chrome alum, A 
suggestion by Piof. Amrkar of Poona 
has led to work by U Tin Pe on the 
interaction of camphor and menthol. 
U Tin Pe has also been woiking on 
the chromate-dichromate equilibrium. 
Several other reactions have been ex- 
ploied to some extent by participants. 
It is somewhat surprising that simple 
examples' oi reactions are not easily 
found, 

Two short films have been planned 
and photographed under the diieclion 
of Dems Segallcr, The first has to do 
with the factors that determine sensi¬ 
tivity in the measurement of liquid 
volume, The second has to do with 
examples of volume changes that occur 
when materials are mixed together. A 
third film is being planned. It is ex¬ 
pected that these films will fit into 
some of the early parts of the teaching 
programme. 
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With ‘Fewer Tears and 
More Joy ’ 
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piGHTEEN seiious looking young 
teachers, six o£ them women, sat or 
stood at laboratory benches tending to 
test tubes, small beakeis, balances, 
bunsen burners and other chemistry 
apparatus, Occasionally, they would 
consult a book at their side, write some¬ 
thing on a pad, or quietly pass a re¬ 
mark to a colleague. 

Every now and again, one of them 
would walk ovei to consult a supervisor 
in an adjacent office. From outside 
came sounds of the ceaseless clatter of 
Bangkok traffic slightly deadened by the 
louver windows, or the occasional chat¬ 
ter between students on the campus of 
Chulalongkorn University, 

These 18 teachers had come to Thai¬ 
land from 12 Asian countries where they 


were teachers of chcmisliy m univer¬ 
sities, senioi schools and teacher, train- 
ing colleges, or attached to Ministries 
of Education. They took pait in 
a recently launched unicsco pilot project 
on chcmisliy teaching in Asia. They 
represented the following countries: 
Afghanistan, Burma, Ceylon, the Re¬ 
public of China, India, Israel, Japan, 
Korea, Malaysia, Pakistan, Philippines 
and Thailand. A nineteenth leachei is 
expected shoitly liom Nepal. 

Behind this project is the growing 
world emphasis on scientific knowledge 
and the need for more, and wrdei 
science education. Purpose of the pro¬ 
ject is to help countries of Asia tlnoiigli 
regional cooperation to discover ways 
most suited to Asia’s needs to redesign, 
simplify and streamline chemistry teach¬ 
ing, chiefly in secondary schools and 
universities, in accordance with the best 
and latest contemporary thinking among 
the world's scientists. 

Explaining the Whjs and Wherefors 

The pioject is based on new techni¬ 
ques of instruction. It leads the group 
through all the steps whereby each 
teacher can personally discover and 
woik out the basic laws of chemistry, 
the actual why and wheiefoies of che¬ 
mical transformations, reactions, for¬ 
mulae, results and so on 

A similar pilot pioject on the teach¬ 
ing of physics in Latin America was re¬ 
cently canied out successfully with 
unesco assistance at Sae Paule, Brazil. 

' "Student book learning and labora¬ 
tory work need to be i evitalized,” I 
was told by Prof. Laurence Strong, Head 
»of the Department of Chemistry at 


Courtesy unesco'featurfs 



sen nc.k 

Eailbam College at Richmond, Indiana, 
in the U.S. Idol, Slicing, assumed by 
Fiol, Sliafqat Sidilicji, Head of the 
Department of Chemistry at (lie Vuiser- 
sity of Peshawar, Pakistan. an- the .no 
staff dncolons ol the project whic h is 
housed in a wing of Bangkoks Clmla 
longkorn University, by cninlesy oi the 
Government of Thailand. Helping them 
is a staff of seven visiting consul aiils 
hom India, the United Kingdom, the 
U.S., the USSR and Vietnam — all 
professors, leetmers or experts in paiti- 
cular fields of chemistry, whose services 
aie supplied by unksco. 

“To achieve ehtmisliy teaching unh 
fewer teais and more joy.” I’rol. Slicing 
went on, "the main eiloiis ol the pilot 
piojeet are diicctcd towaids (lie d<\c- 
lopment of new labmalory experiments-, 
new materials and new gmdelmes loi 
leaching chemistry. 

“There is a lot of deadwood that lias 
been accumulating over the yeui.s in 
chemistry textbooks and .syllabuses 1 that 
should be denied away, In the past, 
too much emphasis was put on learning 
by icto What students weie taught in 
chemistry they usually had to accept 
blindly, 

“They almost nevri got any insight 
into what was actually happening, of 
how the end result they were taught 
about had oceuned. They were not 
told how they themselves could arrive 
at the, various conclusions they had 
learned by heart, by performing tlieii 
own experiments,” 

To illustrate chemical transformations 
that interest teachers and pupils, Pi of. 
Strong uses a favourite example: “A 
brown cow eats green grass which 
makes white milk and gives yellow 
butter, Then I try to explain what 
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clitmu.il Iraiislminations go into pro¬ 
ducing lias," he explained. 

'l'lie pilot piojeel is much eonemied 
with wli.il pails of oliemistiy should be 
laughI for the giealcst possible advant¬ 
age and use today, pinning eliemishy 
teaching to the in editable minimum of 
conli nt; and deciding how a peison 
should best set about studying die 
subjec t and later teaching it. 

Two topics that can he useful basic 
pails ol secondaiy school eliemishy 
(caching base so fai been select!d foi 
tin* hist year oi the pilot project, liom 
October IP fin to Julv JOOfi They aie: 
stoichiometry and emrgy. Sloichiome- 
Iry iu simple language means the culm¬ 
ination ol a chemical reaction and how 
it is recognized, with special refeiencc 
to weight latio. The study of erungy 
is to decide and determine exactly 
what energy is and how it is trans- 
leu oil, 

Empham on Clirapnous and Simplicity 

The first year of this two-veai protect 
ss ill lie spent in i t seal eh and the deve¬ 
lopment of simple inexpensive chemis¬ 
try teaching materials, including self- 
contained kits, to serve later as proto¬ 
types to be put logethei locally in each 
of the paiticipalmg Asian countries 
Also studied is the feasibility of new 
teaching techniques, inexpensive—often 
home-made laboratory apparatus, tea¬ 
cher guides, programme instruction, and 
such aids as <S nun loop films—which 
the gumps are being taught how to 
make for themselves. 

Emphasis is on cheapness and simpli¬ 
city, it being leali'/ed that school labo¬ 
ratories are scarce throughout Asia, and 
facilities like gas and electricity are not 
always readily available. 
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During the first year, positive steps 
are being taken to ensure that these 
prototype materials really do stimulate 
active follow-up at local and national 
levels, so that new techniques are chan¬ 
nelled effectively to universities, tea¬ 
cher training colleges and schools in 
those countries taking part in the 
project. 

For this purpose, unesco has asked 
that each of the 12 Asian countries 
represented in this international gioup 
at Bangkok—with Nepal expected as a 
thirteenth—should oiganize a national 
project study group. These groups will 
opciate concunently with Bangkok 
during 1965-66, Having served as test¬ 
ing and evaluating centres or what is 
being learnt at Bangkok, these groups 
will be asked in 1967-68 to adapt 
prototype laboratory kits, new mate¬ 
rials and methods to local conditions, 
languages and syllabuses. 

Teachers Express iheir Views 

What do some of these 18 tea¬ 
chers think of the project? Mrs. 
Cleefe Bacungan, Registrar at Philip¬ 
pines Science High School at Caba, La 
Union, finds the project, "Something 
very different from tlic traditional ways 
of teaching chemistiy. It mtioduccs an 
'inductive’ method of learning. You 
arrive at ideas and concepts through a 
laboratory approach. You observe, see 
and find out things for yourself instead 
of just learning them out of a book, 
where often such things are badly des¬ 
cribed, or even entirely missing,” 

Dr. Nida Sapianchaiy is one of the 
four Thai teaclieis attending the pro¬ 
ject. A lecturer in chemistry at the 
College of Prasam-mit, Bangkok, for 


the past seven yeais, with a PhD. in 
organic cliemistiy fiom the University 
of Indiana at Bloomington, she finds the 
new approach to chemisry teaching 
“most k' freshing and long overdue. 
However, I think science teaching 
should be improved at all levels and 
should be introduced into elementary 
schools in Asia, with such things as 
nature study and simple biology.” 

Miss ltuth Ben Zvi, msliuctoi in the 
department of biological eliem sliy at 
the Jleluew University, Jt rusalem, said: 
“Streamlining of chemistiy teaching 
methods and content will be the fust 
stop towards a revision and reshaping 
of textbooks. This is essential m the 
present day. I am impatient to put into 
practice what I am learning here". 

A number of others in the group, in¬ 
cluding Mr. A. M. Ilanaweera, Lecturer 
in Science Curriculum Development at 
llie Education Department, Colombo, 
Cylon; U Tin Pe, Lcctuicr in the Science 
State Teacher Training College at Ran¬ 
goon, Burma; and Mi. J. P. Tiivedi, 
Professor and Head of the Chemistry 
Department at St. Xavier’s College, 
Alimedabad, India, also foresee impor¬ 
tant changes in the curricula of chemis¬ 
try teaching as an important result of 
this project. They feel that present 
curricula are often loo firmly based on 
existing out-dated textbooks. 

To some people, chemistry is some¬ 
thing of an occult science bringing in¬ 
explicable but marvellous results of 
great use and value, To a few, it may 
still mean playing around with different 
coloured powders and crystals and 
water, and producing stiange odours 
and a few bangs. 

To the group attending this unesco 
pilot project, what they are learning 
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opens up a whole now encyclopaedia of 
facts and possibilities. In so doing, 
they are both helping to moch invc 
chemistry teaching in then own coun¬ 
tries and playing their role in the 
spreading of science education in tin- 
world. 

A distinguished Asian diplomat 
recently drew attention to the in¬ 
ventive past of the continent of Asia. 
It is well-known, he said, that Asians 
were the first to discover fire, the mak¬ 
ing of pottery, the smelling of ores, the 


Also see pp, 177-178, 


use, of irrigation, the manufacture of 
paper, gun powder and even rockets, 
as well as the art of calculation includ¬ 
ing the invention of numeials, the deci¬ 
mal system and other means of mea¬ 
surement, all among the basic essentials 
of modem scientific and technological 
progress. 

These 18 teachers, if they east 
then minds back a few centuries as they 
work at their laboratory, could well be 
forgiven for telling themselves, “This is 
where we came in .. /' 
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Young Folks 
Corner 


Rolluunstod Expet imenlnl 
Station and 
Sir John Russel 
N.R. Diiar 


TN 1832, a young man, John Bonnet 
Lawcs (1814-1900) of a well-to-do 
family, who possessed landed piopeity 
RoLhamsted, herts, which is about 25 
miles fiom London, joined the Univer¬ 
sity of Oxford, He did not complete Ins 
degree course at Oxfoid but relumed to 
Rothamsted in 1834 and soon afterwards 
started experimental work in ciop pio- 
duction, first in pots and then in fields 
with 250 acres of land by using 
ammonium sulphate obtained from the 
coal gas industry, sodium nitrate from 
the deposits in Chile, and animal dung 
(farmyard manure). He took out a 
patent for the manufacture of super¬ 
phosphate by applying sulphuric acid 
on natural rock phosphates, bones, etc 
which are practically pure tricalcium 


phosphates. In this industry lie made 
money and cicated the famous Rotham¬ 
sted Experimental Station with a gift 
of e 1,00,000 in 1872 lie sold the 
whole of Ins icilili'/er business for 
.£.3,00,000 in the same year. He had 
other chemical industries at that time 
which weie not sold As he was not 
properly ti.lined as a scientist, he in¬ 
vited Dr. J. II. Gilbert to join him in 
these experiments. Di. Gilbeit (1817- 
11X11) was ti .lined by the famous Ger¬ 
man chemist, Bnrou Von Liebig 
(1803-1873), at the famous Univeisity of 
Giessen. 

Lawes and Gilbert continued these 
field trials and labonriory experiments 
for 57 years and made the experimen¬ 
tal station famous all over the world 
by their investigations. Both of them 
were knighted by the British Govern¬ 
ment, Lawes m 1882 and Gilbeit in 
1893. Sii Ilemy Gilbert became the 
President of the chemical section of 
the British Association m 1880 and 
President of the Chemical Society, 
London, in 1882 Their experiments 
proved that wheat can be grown year 
after ycai on the same land without 
ferlihzeis, but the yield decreases as 
recoicled in the following table . 

Wheat yield in bushels/acre 

8 years (1844-1851) , . 17.0 

20 years (1852-1871) .. 13.9 

20 years (1872-1891) .. 11.1 

They applied 43 lbs., 86 lbs, and 129 
lbs. of nitrogen and in few fields 200 
lbs, of nitiogcn as ammonium sulphate 
or sodium nitiate along with super¬ 
phosphate and potash and 200 lb. 
nitiogen as farmyard manure. The 
average yield of wheat is recorded 
as follows: 
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Average in bushels 


Farmyard, manure 

. 35.2 

Unmanured 

12.6 

43 lbs. N as ammonium 

sulphate, and minerals 

. 23,2 

86 lbs. N as ammonium 

sulphate and minerals 

. 32.1 

129 lbs. N as ammonium 

sulphate and minerals 

. 36.6 


(average of 61 yours—1852-1912). 


The land in which these experiments 
weic carried out was originally iortilized 
by chalk and when the original ex- 
periments were started, it hail nearly 
5 per cent calcium carbonate, but, in 
course of time, this lime was washed 
away by rain and snow and dropped to 3 
per cent. One remarkable fact observed 
in Rothamsted by them was tliaL the soil 
total nitrogen, which determines land 
fertility, dropped from 0.122 per cent to 
0.095 per cent in the unfertilized field 
and it was 0,1 per cent to 0.11 per 
cent in the fields receiving ammo¬ 
nium sulphate oi sodium nitrate. But 
the land receiving farmyard manure and 
producing steady crop year after year 
increased in fertility' and contained 
0.236 per cent total mtiogen in 1893 
and the present value is approximately 
0.276 per cent total nitrogen. 

These experiments clearly demonstrat¬ 
ed that artificial fertilizers like ammo¬ 
nium sulphate and sodium nitrate, 
though they increase the crop yield, do 
not improve the nitrogen status; but 
there is a slight deterioration of soil 
humus, hut the oigauic matter present 
m farmyard manure largely improves 
the nitrogen status. These researches 
have been corroborated in the USA, 
Denmark, India and other parts of the 
world proving the value of organic 
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mattei in improving fertility perman¬ 
ently. 

After the death of Lawes in 1900 and 
of Gilbert in 1901, Dr A D. Hall (latex 
on Sir A. D, Hull) succeeded as the 
fiist Director of this experimental sta¬ 
tion in 1902 and in 1905 brought out the 
hook of Rothamstecl Experiments con- 
taming results obtained in 50 years. He 
was the first to prove in Rolliamsted 
that tin* application of sodium nitrate 
to land destroys the structure by creat¬ 
ing alkali (NaOH) in the soil. He 
declared in this book that leguminous 
plants like clover, lucerne sunnhemp, 
pulses, etc, form the source of soil nitro¬ 
gen all over the world. This view 
seems to he incorrect. Dr. E, J. Russell, 
who .started bis caieer as a pure chemist 
with a D.Se. degree of London Univer¬ 
sity on the slow oxidation of phosphorus 
succeeded Hall in 1907 and continued 
as Director for over 30 years till the 
second European war, lie was succeed¬ 
ed by Dr. W. G. Ogg (later on Sir 
William Ogg), who continued for over 
10 years as the third Director and the 
present Director is Mr. F. G, Bawden, 
M.A., F.R.S., an eminent plant patho¬ 
logist The work of the Rotliamsted 
Experimental Station has greatly ex¬ 
panded and it consists of the depart¬ 
ments of physics, chemistry, soil micro¬ 
biology', pedology, botany, crop physio¬ 
logy, plant pathology, biochemistry, 
entomology, insecticides, statistics, 
field experiments and farm staff Library 
photography and department on the 
study of bees. The Director receives an 
annual emolument of .£3,000 while the 
Pleads receive £ 2,000. Consequently, 
the cost has increased enormously and 
more than 90 per cent of the expendi¬ 
ture is met by the British Government. 
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During the British regime, from time 
to time, British experts were invited by 
the Government of India to report on 
the improvement of Indian agriculture. 
The first expert was Dr. J. A. Vtielckei, 
who was in charge of the Woburn Ex¬ 
perimental Station created by the Duke 
of Bedford and the Royal Agricultural 
Society of England in 1870 for the pur¬ 
pose of carrying on now experiments 
which could not be performed else¬ 
where. Dr. Voelcker stayed for nearly 
a year in India and went over all the 
government farms and also to some 
farmers’ fields as well as industrial 
places and studied and analyzed himself 
the normal and alkaline soils of India, 
travelling even in the bullock carts, and 
submitted to the Government of India a 
famous report on the improvement of 
Indian agriculture, published in London 
in 1893 and recorded as below : 

“Enormous areas, specially in the 
plains of northern India, are thus affect¬ 
ed, and in the north-west provinces 
alone, there are between four and five 
thousand square miles of usar land.” 
He also concluded that under die ex¬ 
isting conditions of agriculture, tlic soil 
of India must gradually become poorer. 

Sir John Russell was invited by the 
Council of Agricultural Research in 
India and he came to India early in 
January 1937 and delivered lectures at 
Allahabad, Bangalore and visited Cal¬ 
cutta, Dacca, Delhi and other centres 
of interest, He declared in his lecture 
at Bangalore the same statement which 
appeared in Hall’s book that legumes 
form the source of soil nitrogen, 

It is well-known that at the present 
moment approximately 1,200 million 
tons of cereals, 750 million tons of other 
food materials and 1,750 million tons of 


ladder are pi educed every year in the 
whole world. In the Ox foid Economic 
A rim- of the World (Oxford University 
Press 1959) the following results re¬ 
garding increased yield are lccorded; 

Increase m jiekl in 1 kg, ol N per hectare 
Wheat Rice Potatoes Grass 
tor hay) 

Kg. per hectare 17 J7 H4 17 

The. Indian Council of Agricultural 
Research has reported that on an 
average the rice, production in India 
is ten times the amount of nitiogen ap¬ 
plied when the dose is not large. Hence, 
in tropical countries in which the 
organic matter content is lower than 
in temperate countries, the beneficial 
effect of nitiogenmis fertilizers is less 
pronounced. If we take into account 
the world food and fodder production 
which is 3,700 million tons and consider 
the total amount of available nitrogen 
required for their production, we obtain 
the figures: 3,700/17-10/2-274.7 mil¬ 
lion tons. 

Actually oidy 10 million tons of 
factory nitrogen are available for the 
world production of food and fodder. 
Moreover, Dohnis and Fred and other 
experts in leguminous crops have re¬ 
corded unequivocally that only five mil¬ 
lion tons of nitrogen are added to the 
world soils by growing legumes. 
Hence, the Rothamsted view that the 
legumes form the main source of nitro¬ 
gen is untenable. The researches carri¬ 
ed on in the University of Allahabad 
for nearly 40 years have clearly esta¬ 
blished that the vast amounts of orga¬ 
nic matter photosynthesized by plants 
on the earth’s surface undergo oxida¬ 
tion on the soil surface and fix atmos¬ 
pheric nitrogen on the soil surface more 
in presence of neutral phosphates and 
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basic (Thomas) slags and light than 
in the daik This thermal and photo¬ 
chemical nitrogen fixation, and not 
legumes or blue green algae, is the 
basis of soil nitrogen all over the world. 
The value of farmyard manure depends 
not only on the nutrients it contains 
but also on tlio fixation of nitrogen as 
proved by Dhar and his co-woikers. 

Sir John Russell inaugurated the 
Anniversary Meeting of the National 
Academy of Sciences, India, held on 
15 January 1937 at Allahabad, pre¬ 
sided over by Prof. N. R. Dhar, and 
gave an interesting address. Before jhis 
arrival in India he commented in 
natuhe (11/4/36, p. 629) on the pre¬ 
vious presidential address of Prof. N. R. 
Dhar on molasses nitiogen fixation and 
land reclamation in the following 
words : 

'Prof, Dhar leads the school of 
thought which believes that nitrification 
in soils and nitrogen fixation from the 
atmosphere are, specially in the tropics, 
photochemical at least as much as 
bacterial actions. Prof. Dhar has pro¬ 
duced strong evidence in support of his 
theories .., The philosophical implica¬ 
tions of recognizing that light plays a 
part in soils analogous to photosynthesis 
in the vegetable kingdom are at least as 
important as the practical possibilities 
of utilizing that knowledge for the en¬ 
richment of soil... The practical facts 
of Prof, Dlvar’s researches are that 
Indian soils are generally defi¬ 
cient in nitrogen, that more than 
half a million tons of molasses 
from the sugar industry are annually 
wasted in India and that the applica¬ 
tion of molasses to the soil can double 
and may treble the soil nitrogen con¬ 
tent, with a consequent large increase 


in crop yield... Prof. Dhar suggests that 
a most valuable use can be made of 
molasses m reclaiming alkaline land. 
The acids produced in the decomposi¬ 
tion of molasses neutralize the alkalis, 
and at the same time and contrary to 
experience when land is reclaimed by 
gypsum or sulphur, soil nitiogen is in¬ 
creased. A period of about four years is 
usually necessary to leclaim alkali land 
with gypsum, whereas with molasses 
applied at the rate of 30-40 tons per 
acre, good crops can be grown within 
six months .. There are four million 
acres of infertile alkali land in India, 
and irrigation practices are increasing 
the area. The economic reclamation of 
these lands is one of the country's 
greatest problem in her agriculture, to 
the solution of which Pi of. Dhar’s 
work is pointing the way." 

Sir John Russell carried out interest¬ 
ing experiments on the loss of nitrogen 
from soils in the form of nitiogen gas 
on the application of nitrogenous man¬ 
ures. As a matter of fact the Rotliamst- 
ed workers have reported an average 
recovery of 25 to 30 per cent of added 
nitrogen in the crop. The majority of 
the applied nitrogen to soil is lost and 
is not added to the soil or even taken 
up by the crop. Similarly, in Sweden, 
30 per cent of the nitrogen is recovered 
in the crop and 70 per cent is lost. 
From researches carried on at Allahabad 
by numerous research scholars of Prof. 
Dhar, it has been clearly proved that all 
nitrogenous compounds, when applied 
to land, undergo slow oxidation in air 
and get converted temporarily into the 
unstable explosive substance, ammonium 
nitrate, which is readily decomposed 
with great evolution of heat as in the 
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equation’ NlljNC), N, , 11/H 
K.ca Tins loss is moic marked m culti¬ 
vated lands when- oxidation pmcevsi". 
are quick. 

Six John Russell published muneion.s 
hooks and ai Holes which woe wnlteii 
lu vciy clear and lucid irnmu-i. Ilis 
best known publications ate: Sod 
Condition!! and Plant Growth (bond¬ 
mans Giecn & Co. 11)12) and the eighth 
edition revised by las .son, l)r. K. V\ al¬ 
ter Russell in 1950. who is a Piofessnr 
in Soil Science, Bristol Umxcisity. Otlur 
important books of Russell are: Fifty 
Years of Field Experiments at the 
XVoburn Experimental Station (Hist 
published in 1936 Longmans (been is 
Co.), Manuring for Ilighei Ciop 
Production (Cambridge Unixeisily 
Press 1917), Ariificiul Feriilizers in 
Modern Agriculture (H.M., Stationery 
Office 1939), Microorganisms in llie Soil 
(1923), Plant Nutrition and Crop Pro¬ 
duction (1925), A Student's Book in 
Soils and Manures (1910), The Fairn 
and The Nation (1933), English Fanning 
(1941), World Population and World 
Food Supplies (1956). The World of 
Soils , in which Sir John llussell record¬ 
ed his considered opinion that the im- 
piovemcnt in food production in tiro 
UK in recent years has been at a tremen¬ 
dous cost In his book World Food and 
World Population ho clcaily staled that 
the increase of population in India by 
40 millions in 10 yeais is an extremely 
difficult affair and may lead to impossi¬ 
bility in feeding the increasing popula¬ 
tion. Moieovcr, he strongly held the 
view that international control of woilcl 
food supply is not a practical proposi¬ 
tion. 

Researches carried on at Allahabad 
have proved that all organic matter in¬ 


cluding dung, sawdust, glasses, peat, 
lignite and waste coal when ploughed 
in with basic (Thomas) slag, which is 
the hy-puiduet ol the expanding steel 
industry, hut nut utilized in India, can 
fix atmospbeiie nitiogen copiously and 
can supply all the plant nutrients not 
only to the normal land but can also 
lcclaini alkaline land permanently, 
Dh-ar and his co-woikeis have emphasiz¬ 
ed that the residual effect of phosphates 
on crop is much better by the addition 
ol in utiul phosphates of basic 
(Thomas ) slag than super-phosphate 
which has been supported by 
K. Simpson (Scot. Agiic. 1963, 43, pp. 

.SI -So i. Hence, it is high time that India 
should utilize its basic slag for crop 
pt eduction. 

1 had the privilege oi meeting Sir 
John Russell liisl m 1917 in the Chemi- 
e.d Society ol London, which I joined 
in 1916. In lii.s uddiess to the Chenu- 
eal Society m 1917 llussell discussed 
the (coding of the British people during 
the liisl wot Id war. lie attended the 
Indian Science Congress Session in 1952 
at Bangalore. I had the honour of 
delivering lectures irr the Rotharnsted 
Experimental Station at lus invitation 
m 1937, 1951 and 1951 dining the Direc- 
toiship of Sir William Ogg and in 1961 
in the regime of Mi. F. C. Bawdeu. 

Sir John Russell was horn in 1873 
and was a clergy man’s son. One oi 
his sons is a Catholic priest, lie was 
exceedingly happy to meet Acharya 
P. C. Ray in 1937 at Calcutta, because 
both of them were great believers in 
plain living and high thinking. 

He was President of the British As¬ 
sociation as well as of the International 
Soil Science Congress held at Oxford 
and was invited to visit the agricultural 
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projects in the USA and the USSR 
where he delivered lectures. lie was 
invited by numerous countries of 
Europe — Australia, New Zealand and 
Canada. 

He was honoiaiy lellow of the Royal 
Institute of Chemistiy London, National 
Institute of Science of India, Foieign 
Member of the Fiench Academy of 
Agriculture and Foieign Associate of the 
French Academy of Sciences. 

Sii John Russell acted as a foreign 
examiner for the Ph D. or Phil, or D Sc. 
degiee theses of the Allahabad and 
other Indian univei sides. 

In his book World Population and 


WoiUl Food Supplies 1956, Russell has 
stated. “Theie is at present time much 
anxiety about food supplies for the 
world in geneial and for Britain in 
particular.” In the same book he also 
stated: "One Hindu who was in a 
temple in which I was not allmved, 
stated, ‘Give me money and I will eat 
for you in the name of God’ ” 

Russell has stated that the pie-wai 
expenditure on the United Kingdom 
Depaitment of Agncultme was 89 mil¬ 
lion pounds and in 1950 it went up 
to 61 million pounds and the caloric 
production rose fiom 30 pei cent of the 
requirement to 41 per cent. 
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THE FIRST MENTAL MEASUREMENT 
HANDBOOK FOR INDIA 

A Publication of the National Council of Educational 
Research and Training 


Crown Quarto Pp XII : 505 


Price Rs. 8.30 


This Handbook is a digest of a large number of psychological tests 
which have been completed and also those in progress, along with critical 
reviews. An indispensable publication for workeis in the field This volume 
not only gives detailed information about what Is at piesent being done in 
the area but also affords an insight into future possibilities and d11 actions 
of woi k. 


Copies available from 

The Business Manager 
Publication Unit 
National Council of Educational 
Research and Training 
B 31, Maharani Bagh 
New Delhi 14 



Science 

Notes 


Ultra-high vacuum 

p ASES which form chemical com- 
pounds with titanium can be pump- 
down to very low pressures at high 
speeds with a new sublimation pump, 
believed to be the first of its type made 
by a British company, produced by 
Vacuum Generators o£ Charlwoods 
Roads, East Grinstead, Sussex, 

For fiesh titanium, obtained by 
evaporation from a filament oil to any 
convenient wall surface within the 
vacuum system, pumping speeds of 20 
litres per second square inch have been 
recorded for hydrogen at room tern- 
peratuies rising to 90 litres at liquid 
nitrogen temperatures. 


The pump comprises a filament array 
with a low tension supply and the fila¬ 
ments au* a special alloy of titanium 
and molybdenum. 

Plastic ami films in colour X-ray 
Black and while X-ray plates are 
often extremely haul to interpret be¬ 
cause of the poor continsl between dif- 
fevent p;uts of the image British scien¬ 
tists working on the European Diagon 
Nuclear Reactor Project in Butain have 
now come up with X-rays in colour 
and also moving film. This could 
cause revolution m testing and ins¬ 
pection in the engineenng field, and 
provide a uselul tool rn medicine, 
The first time colour film was used 
for X-uiy phnlngiuphs was probably in 
iho USA about 20 years ago If one 
puts colour film behind the object to 
he. X-rayed the differing exposures to X- 
ray in the object’s shadow give different 
shades of colour, just as a badly exposed 
holiday colour snap can reproduce 
shadow colours quite wrongly. This 
colour difference is supplementary to tire 
changes of density of the image and 
helps to make minor details much 
clearer than they are m a black and 
white X-iay photograph Also, if you 
deliberately ‘fog’ the film—expose it to 
coloured light during development—this 
can further increase the colour contrast. 

Despite the obvious advantages of this 
technique it did not become very popu¬ 
lar and the results weie unpredictable. 
Then the dragon pioject bad a parti¬ 
cularly different problem, checking for 
minute defects in the fuel elements for 
their high temperature reactor. With 
black and white X-rays some faults hard¬ 
ly showed. So the colour process was 
improved into a consistent and reliable 
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test proceduie and now oven to a un¬ 
trained eye, tiny details, haidlv visible 
in oidinary X-iay photographs, oan be 
seen clearly in the colour vei.sions. 

The woik has recently gone very 
much fur then, and patents have been 
applied for. The colour technique lias 
been adapted to pioducmg sliaip, cou- 
tiastiy-multi-colour pictures from the 
fluoroscope-tho dim green screen used 
for visual X-ray examinations. Even 
super slow-motion colour X-my cine 
film has been made They have plioto- 
giaphed the insides of high-speed ma¬ 
chinery in operation. A failure that 
develops in one second inside an elec¬ 
tric motoi or pump can he slowed 
down to four minutes of clear colour 
on the scioen. With a clear under¬ 
standing of what goes wrong, it is easiei 
to remedy die fault. 

In medicine this could be a tiemen- 
dously poweiful tool. Before some 
kinds of heart operation, for instance, 
fluoioscopo examination of the working 
heart is needed. Surgeons have to 
be very skilled at interpreting pic¬ 
tures they see on the Iluoroseope- 
bluned and too dim for more than one 
or two to see, Often closed-circuit tele¬ 
vision is used to show the pictuie to 
a gioup of experts for discussion of tlie 
case. Now coloured, slow-motion cine 
films can be taken by X-rays, tlie pic¬ 
tures could he re-run until tho panel 
of surgeons was sure of its conclusions. 
The technique is at the stage where the 
medical woild can experiment with it. 

A fibre with twice strength of steel 

A new mateiial, claimed to be twice 
as strong as steel but only a quarter of 
its weight has been developed at the 
Royal Aircraft Establishment at Fam- 


borongh. It was featured in an ex¬ 
hibition seen by tho queen at Fam- 
boimigli. 

T he process is based on ‘a polymeiio 
fibre akin la textile' which is convert¬ 
ed by means of chemical change to 
carbon fibres. This can he turned into 
usable plastic by coating it with hot or 
cold setting plastic material. 

The resulting product is said to be 
twice as strong and twice as stiff as 
steel (stiffness m this context means 
lesistance to deformation under pres¬ 
sure), it is also six times suffer and 
slightly stronger than glass fibre. 

Extensive uses for the new material 
are ftneseen in the aeronautical field, 
wlieie its light weight will outweigh 
the disadvantages ol higher costs, and 
it is expected that marine and chemi¬ 
cal engineers will also be quick to take 
it up. 

At present, the new pioduct is offi¬ 
cially described as 'carbon fibre lem- 
hncement of stiuctmal plastics’. It 
may well come to be known as caibon- 
fibre plastic, on the analogy of glass- 
fibre plastic. 

Plastic microbes 

More and more things are being 
made of plastics these days because of 
their cheapness and durability. But be¬ 
cause plastic items are so durable, they 
piesent inankifid with a refuse disposal 
problem. At the National Physical 
Labovatmy, some work on quite a dif¬ 
ferent problem—tho problem of protect¬ 
ing plastics fiom attacks by bacteria— 
has suggested a possible way of getting 
rid of plastic garbage. 

The fiist obstacle to be overcome is 
the fact that the bugs only go for the 
flexible forms of plastic, they cannot 
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digest, the long chains of molecules 
which make up the rest of the material. 
But theic aie some hacleria which go 
for the long molecule chains in petrol 
and in jet fuel. The. idea was to intro¬ 
duce a petiol-eating hug to some 
plastic which resembles petrol in some 
of its molecular charactcustics. A new 
sham should develop and then you’d 
continue the piocess until you pro¬ 
duce a range of bacteria capable of 
disposing of all the plastic we tlnow 
away. 

There is anolhei possible method too. 
To bombaul plastic wastci with X-iay 
or gama lays to bieak down its long 
molecule chains, so that it becomes 
edible by bacteiia. In Sweden, they 
think you might be able to build a 
delayed-action organism into plastic 
bacon wrappers for example, so that 
after a week or so the wrapper just dis¬ 
appears. 

By Ccmi tew , sciinu niwsihiik. 
Indian High Commission, London 


What vve learn fioiti animals 

The following are extracts from 
presidential addiess of Prof Pringle to 
Zoology Section of this year's meeting 
of the British Association for the 
Advancement of Science, which is being 
held in Nottingham. 

Prof. Pringle’s address, delivered on 
1 September was entitled ‘The Tieasurc 
House of Nature’, 

Zoology as a scientific discipline 
attempts to introduce some sort of 
classification and order into the enor¬ 
mous and obvious diversity of the 


forms of animal life on earth. It 
rapidly progressed to the attempt to 
classify not only the external and in¬ 
ternal shapes of animals but also the 
associations in which they lived, the 
behaviour of animals and finally the in- 
ner mechanisms of their functioning. 

It is this last activity—the study of 
the woikmg of animals as biological 
machines—that has developed into the 
subject of comparative yiliysiology. 

The T.onloj’isl's CnnUihutinn 

Wlieie would we be in the science of 
genetics if Mmgan had not lecogmzed 
the peculiai advantages of an unim¬ 
portant little fmit-fiy Diosophilet? How 
fai would Professor Hodgkin have got 
with elucidating the basic ionic mecha¬ 
nism of neivous conduction if a zoolo¬ 
gist, J. Z. Young, had not spotted the 
giant fibre of tho squid? 

My rcseaicb group in Oxfoul is work¬ 
ing almost exclusively on the flight 
muscles of giant water bugs. Not only 
does the type of insect striated muscle 
on which we are winking make it possi¬ 
ble to get information about element¬ 
ary molecular processes which could 
not be obtained fiom any other type of 
muscle, but this particular family of 
insects has features which make these 
muscles much better than those of 
other insects. 

It has taken mo 25 years to find this 
particular muscle, but I have little 
doubt that before long giant water 
bugs will lie in demand by biophysics 
laboratories all over the world 

Mankind is in trouble. Applied sci¬ 
ence, particularly physical and medical 
science, has upset the natural balance 
of the world and pure science has so 
far failed to find the remedies. 
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V Jenec l«s indeed Riven pot 
0 iiiKl. But one of ft. 

l gieat increase in tanan numbers. 

B i only recently tint rt Ins been 
c grazed tint tiro study of 

litions ins a direct bearmg on 

pioblems of demography and tint 
biology can help mantand to find 
answer to this urgent problem. 

Very little support and encourage- 
meat is given to the study of amma 
population, largely because voologrs 
have not tried hard enough to peisuado 
otto, tint« really can help to solve 
this practical human problem. 

Over-population is only one of out 
piesent problems to which the com¬ 
parative approach of tho zoologists has 
a lot to contribute, At the loot ol mos 
human difficulties is the character and 

behaviour of man himself. 

Here again it is just beginning to be 
realized that theic is a lot to he learnt 
from animals We might all behave 
in a more balanced way if we under¬ 
stood the origin of our emotions. 

It will not be easy to introduce into 
general education sufficient knowledge 
of the natuie of human and animal 
behaviour to overcome emotional and 
social difficulties. We have to do it 


caiefully because zoology has done it¬ 
self luu m in the past by the too easy 
assumption that man and the higher 
animals arc alike in the evolution of 
their social organization. But we can 
point out the natuie of the differences. 

Importance of Con,in cation 

We should not destroy the potential 
contained in the animal kingdom for 
the future advancement of knowledge 
We do not know where in biology any 
given line of enquiry is going to lead 
US, 01 what lntheito unthouglit of pro¬ 
blem may icquire a particular species 
ol animal for its solution. But we can¬ 
not afford to destroy any opportunity, 
foi mice gone it can nevei be restored. 

The ferret still survives, The sus- 1 
ceptibilily of the ferret to the virus of 
human influenza was, at one time, an 
important factor in piogiess towaids 
lilt* control of this disease. 

No one, can say that theic may not 
have been some peculhu feature of the 
gumt auk which would have enabled us 
by now to have found the answer to some 
other human medical problem. I know 
this will sound fai-fetchcd, but it is a 
valid statement. 


By Courtesy • British Information Ser¬ 
vices, New Delhi 



Mathematical 

Problems 


J. N. Kapuh 
and R. C. Siiaiima 


SS16 Show that the number 
Dq at 32 -cl,i 

(Where al’s are digits) is divisi¬ 
ble by a prime number p(2 or 
5) if a„ 10“->+ai 10”“ 2 -|--|~ 

a„_i—ka„is divisible by p where k 
is an integer such that 10 k+1 
is divisible by p. Use this 
result to find whether 390224 
is divisible by 29. 


Solutions ofptoblcim SSI to SS1S (pub!,shed 
in Match 1961 issue oj School Science) should 
teach Shii R C\ Shtnma, NlE Buildings, 
Mehrunli Road, blew Delhi hv 15 August 1967 
and those of SSI6 to SS19 published in this 
issue should teach him hv 30 September 1967, 
Fttch pwblem should he .wived on a sepaiate 
sheet of paper and should beat the name of the 
Student, hit flu if and hit school and should cany 
a declaration that he lias solved the pioblem 
himself. Prisons otlwi than students can sub¬ 
mit solutions, but llwy will not he eligible foi 
any prizes that may be awauled or the end of 
the year. 

Carted solutions of SSI to SSIO together 
with the names of those who solve them coneclly 
will he announced in Septemhei 1967 issue of 
School Science, Siimlai announcement foi 
SSII to SSI9 will be made in the December 
1967 issue of School Science, 

Original piolilems (together with solutions ) 
for September and Decembei 1967 issues me 
invited. 


SS.17 You are given two sets of num¬ 
bers : 

N=|l, 2, 3, 4, 5, 6, 7, 8, 9,..] 

E=|l, 2, 4, 6, 8, 10, 12.| 

and the following definitions: 

(i) A member x of a set s is a 
factor of y if there exists 
a member z of s such that 
xz=y 

(ii) A number is a prime num¬ 
ber if and only if its only 
factors are unity and the 
number itself; other num¬ 
bers are called composite, 

For these sets, prove the follow¬ 
ing statements: 

(i) The number of primes in 



MATHEMATICAL PROBLEMS 


167 


N is infinite 

(ii) There exists a formula for 
all primes in E 

(iii) Every composite number 
cannot be factorized uni¬ 
quely into a product of 
primes. 

Answer these questions also for 
the set 

T= j i, 3, 6, 9, 12, 15,... | 

Ssis Assume that a club of students 
is oiganizod into committee m 
such a way that each of the 
following statements is true : 

(i) there arc at least two stu¬ 
dents in the club 

(ii) every committee is a collec¬ 
tion of one or two students 

(ni) for each pair of students, 
thcic is exactly one com¬ 
mittee in which they serve 

(iv) no single committee is 
composed of all the stu¬ 
dents in the club 

(v) given any committee and 
any student not on that 
committee, there exists ex¬ 
actly ono committee in 
which the student serves 


which has no student of the 
first committee as its mem¬ 
ber. 

Prove each of the following 
statements in the following 
sequence, justifying each step 
of your proof by appealing to 
one or more of the five postu¬ 
lates or to an earlier statement 
of the sequence: 

(i) every student serves at 
least on two committees 

(ii) every committee has at 
least two members 

(iii) there are at least four stu¬ 
dents in the club 

(iv) there are at least six com¬ 
mittees in the club 

SS19 Eft 

K. -• (Xr Xn)'- I (\1-X a ) a + .. + ( x l~ X 2m) tt 
-Kx.i —X.,) S T - + 0V“ x am) 2 
-Hx !( --X,|)"-| ...-I (x 3 -x a J 2 
-|- .. (X z ,n- 1 x am) 2 

-=X 2a,, (Xl — Xj) a 
1.1=1 
i < j 

Find the maximum value of K 
if it is known that each xi 

( 1 = 1 , 2. , 2m) lias the 

value 0 or 1. 




New Trends 
in Science 
Education 


Summer School in Bio log\> 1966 
—A Participant’s Reaction 

Amit Bancrjtu 


A S a part of tire following-up training 
■^programme under the Science Talent 
Search Scheme, the Department of 
Science Education organizes several 
summer schools in basic sciences for 
the awardees of the Science Talent 
Search Scholarships, 

The main objective of such summer 
schools is (i) to convey to the talented 
young scientists, the various advances 
made in and (ii) to enable the young 
scientists to understand these advances 
through laboratory experiments lec¬ 
tures, symposia, seminais and filmshows. 
As one of the 30 participants who 
attened the Summer School in Biology 
held in Delhi from 10 May 1966 to 
6 June 1966 I should like to relate 


some of my impressions of the school, 

The Summer School was held at 
Ilumraj College, Delhi for students 
fmm Delhi, Punjab, Himachal Pradesh, 
Rajasthan and Uttar Pradesh. Dr S. L, 
Tandem, Reader in Botany, Delhi Uni¬ 
versity, was the Dnector and Dr. V, p, 
Singh and Dr. II S. Vishoni of the 
Delhi University and Di. R D. Gulati 
and Dr. Y. P. Obeioi, Hansiaj College 
were the other membeis who acted 
as resource persons. 

The tegular academic woik consisted 
of a lecture, discussions and questions 
on the same, a seminal, and practical 
work m botany, zoology, as well as in 
biology. On fndays, filmshows were 
screened on vaiious modern topics and 
on Saturdays we used to have day-long 
exclusions. 

Some of the lectures were on origin 
ol life, evaluation, genetics, reproduction 
of Vituses, hoimones and osmoregula¬ 
tion, etc., by Prof. Bhargave, an 
eminent virologist of India. 

Distiibution of the synopsis of the 
lectures befoieliand enabled the parti¬ 
cipants to ask relevant questions. 

The lectuics were all delivered with 
the aid of slides, plates, models and 
charts 

The seminars were held in two 
hatches. These brought out tine eco¬ 
nomic importance of plants, animals, 
micro-organisms, antibiotics, vitamins, 
etc. Interesting subjects, such as biolo¬ 
gical control, animal diversity, animal 
adaptations, etc, wcic also discussed, 
These seminars served: 

(i) to reveal the degree of individual 
comprehension and understanding on a 
subject, (ii) to promote exchange ol 
individual knowledge and viewpoints 
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and (iii) to tide over one’s speech 

shyness. , , 

The lahoiatoiy work involved ex¬ 
traction and separation of pigments, 
effects of chemicals on the rate of 
heartbeat, and othei similar exercises. 
Because of the short duties of the 
school, it was not possible for any 
participant to take up any project wink. 

The summer school was a peat 
success despite the differing reactions 
of the participants. 

A few suggestions sinned by all 
the participants are: 

1, The duration of the summer school 
should be extended by at least two 
more weeks, i.o., it should be for 
at least six weeks, in older to en¬ 
able the participants to reach the 
climax of activities. 

2. The place of board and lodging 
should not be far away fiom the 


Summer School in Biology 1966 
—A Brief Report 

S. L. Tandon 


A foui-wcek Summer School in Bio¬ 
logy for the Science Talent Search 
Awaidees (ncert) was inaugurated at 
Hans Raj College on 10 May 1966. In 
all, 25 participants including 16 girls 
and nine boys attended the school. 


venue of the summer school. 

3. Venues of summer schools, if possi¬ 
ble, should also be fixed at places 
outside Delhi. 

1. Ihoper books of both Indian and 
foieigti authors should be piovid- 
ed. The neatest public libiaries, 
should be icquested to provide 
temporary borrowing facilities to 
the participants. 

5. Some books preferably publica¬ 
tions of the nceht should be award¬ 
ed to the participants as a token 
of encouragement, 

6. A. certificate should be gianted to 
the participants on completion of 
the summei school. 

7. The experts in the Department of 
Science Education should visit the 
summer school and encourage the 
participants. 




Classification of pai tfeipants Number of 
acetuduu; to dais anti subject participants 

B.Sc. Hons zoology 4 

B.Sc Hons, botany 4 

B.Sc. general 6 

B.Sc. mico-biology 1 

InlcimctUatc and pie-medical 10 


Lectures 

A total of IS lectures were delivered 
and these had a wide coverage of bio¬ 
logical subjects. The lectures largely 
excluded the loutme class topics. The 
discussion at the each lecture was in 
particular found to be very stimulating. 



170 


SCHOOL SCIENCE JUNE 1967 


Laboratonj Woik 

Eight exercises each in botany and 
zoology were held during the entire 
duration of the summer school. Each 
of them was a new exercise to the 
participants, usually not done in their 
regular classes. They were so design¬ 
ed as to exploit the enquiring attitude 
of the scientific mind. A discussion 
was arranged after each exercise, in 
which tire students were found to be 
particularly interested. 
Seminar-cum-Library 
The participants were divided into 
two equal gioups for seminars, The 
topics chosen for seminars were mostly 
of a general nature. It was particular¬ 
ly noted that the seminar presentation 
by the students was very much below 
expectation. In fact, the seminar 
amounted to another lecture by the 
teacher concerned. 

Library 

The students drew boohs from three 
soui ces—Hans Raj College Library, 
NCEBT and Delhi University, Very 
few students made use of the Delhi 
University Library which they could 
visit only in the afternoons. 

Visit to Biology Department 

The participants of the school were 
once taken to the Delhi University 
botany laboratories and once to tho 
zoology laboratories. A variety of ex¬ 
periments in progiess were shown and 
explained. The physiology and tissue 
cultuie laboratories of botany depart¬ 
ment, and those concerning insect phy¬ 
siology of reproduction and induced 
spawning in fishes in the zoology de¬ 
partment were found to be particularly 


instructive. 

Exclusions 

(i) Visit to Delhi Zoological Gardens 
for tho study of Indian and exotic 
animals; 

(ii) visits to Indian Agricultural Re¬ 
search Institute for seeing the divisions 
ol botany and entomology, the Gam¬ 
ma Gulden, and to the Delhi Mill 
Scheme for gaining a practical experi¬ 
ence in the piocess of pasteuuzation; 

(iii) visit to Oklila and Melrrauli 
area for studying the acquatic and scrub 
vegetation; \isits to the National 
Museum and Nehru Museum (Teen 
Marti) was added m the third excur¬ 
sion. 

Film Shows 

Three film shows were arranged 
through the courtesy of US1S, New 
Delhi, in which a total of 12 scientific 
and three documentary films were exhi¬ 
bited, 

Social 

All the participants were found to be 
well mannered and highly cooperative 
in all the activities of the school. A 
short cultural programme was arrang¬ 
ed by the participants on tire last day. 

A Gloomy Day 

The school received with great shock 
the news of the death of Professor P. 
Malrcshwari, Head of the Botany De¬ 
partment, University of Delhi, The 
s.aff and the participants collected in 
the morning of 19 May 1966 to mourn 
the death of this great biologist, and 
passed a condolence resolution. The 
work of the school was suspended for 
the rest of that day. 



physical Science 
Study Committee 
A Review' oj Work 


T HE pace of recent advances in phy¬ 
sics has been most amazing. Con¬ 
sequently, new developments in indus¬ 
try and technology aio constantly mak¬ 
ing new and heavy demands on society. 
It has become absolutely essential to 
reorient our physics teaching, to re¬ 
consider its aims and objectives, to alter 
the method of approach, reorganize, the 
couise-content and to develop new 
teaching and evaluation procedmcs in 
keeping with these demands at all levels 
and specially at the secondtuy school 
level. 

The Attempt 

One such successful attempt is the 
rssc attempt. 

A physics couise lias recently been 
developed by the Physical Science Study 
Committee in the United States of 
America. The Summer Institute Pro¬ 
gramme is being organized at several 
centies in India jointly by the Univer¬ 
sity Grants Commission, New Delhi; 
National Council of Educational lle- 
seamh and Training, New Dolin'; and 
United States Agency for International 
Development, for the last four summers 
now. 

The Approach 

The basic idea underlying the pssc 


attempt is to recognize physics as one 
continuous and glowing philosophy of 
natuic in action and hence to have an 
intcgialed appioaeli for the subject as 
one unified pattern rather than to study 
it m discrete sections or sub-topics 
which appaiently look unconnected, 
e.g., light, sound, electricity, heat, etc. 

The Mataial 

The teaching material developed by 
tlu- rssc consists of the following: 

1. The rssc Physics (textbook). 

2 The pssc Laboratory Guide. 

3. The Teachers Resource Book and,, 

Guide Vols. I to IV. 

4. The rssc Films on Allied Topics 
in Text—about 100 in number. 

5. The rssc Series of Objective Tests 
Nos. 1 to 10, 

All the above books are now availa¬ 
ble in India as they have been reprint¬ 
ed by the nc.krt at low cost. The films 
aie also available with vsis, nceut and 
the vuc New Delhi. 

1. the textbook: Tlie Pssc Phy¬ 

sics forms the core about which the 
complete course is built and is one of 
the most novel woiks resulting out of 
the experiences of hundreds of experts 
in the field of secondary and universi¬ 
ty education and thousands of second¬ 
ary school students in the USA. The 
book takes a very long stride beginning 
from the fundamentals in each chapter 
and carries tire student to the most 
modem developments in the topic 
through a most interesting, exciting and 
much loss mathematical treatment so as 
to be within the comprehension level 
of the secondary school students. The 
book adopts the MKS system of units 
and supplements each chapter by a 
‘Home, Desk, Lab.' section consisting of 



172 


SCHOOL SCIENCE JUNE 1967 


simple experiments, numerical, graphi¬ 
cal and other problems illustrating the 
underlying facts, principles and con¬ 
cepts in the chapter with lespect to 
situations in leal life. 

2. THE LABORATORY GUIDE : The 
laboratory guide of the rssc is basic¬ 
ally and essentially different from 
its coun.eipaits which lay moie stress 
on relevant theory and become spoon- 
feedeis due to a number of built-in 
diagrams, observation tables, lcady- 
made precautions, etc. They leduce the 
laboratory experiments to a meie me¬ 
chanical series of observations and cal- 
“culalions foi the student. The pssc 
laboratory guide seives as an intelligent 
companion for the student giving him 
only the most essential technical and 
mechanical framework of an experi¬ 
ment but leaving most of the physics 
to him. Several questions are raised 
in the experiments giving scope to in¬ 
telligent thinking and logical reasoning 
by the student, developing his scientific 
attitude and giving him the joy of dis¬ 
covering things for himself. It also 
develops his skill in laboiatary tech¬ 
niques and his resouicefulness. The 
experiments are designed on the basic 
principles and facts rather than on then- 
applications. 

3. THE TEACHEn’s RESOURCE BOOK 
and guide: The teacher’s resource book 
and guide in four volumes, one for each 
section of the textbook, is a most 
valuable teaching aid for the teacher 
and guides him in details about the 
method of presentation of a particular 
topic, chap.er by chapter. It also exci¬ 
tes his initiative and resourcefulness by 
suggesting new ways of presentation 
and new experiments to heighten the 
overall effect of teaching. It also gives 


solutions to the problems in the ‘Home 
Desk and Lab.’ section of the textbook 
and answers to the questions raised in 
the laboratory manual. Thus it is 
most helpful for all teaclieis and speci¬ 
ally lor teachers in the remote parts 
of the countiy wlieie facilities for 
lilnaiy and equipments in the laboratory 
may be very unsatisfactory. 

4. the films : Theie aie about 
100 films based on topics of the pssc 
textbook and some of them are in 
colour. They aic doubtlessly a very 
impoitant audio-visual device for 
motivation and elucidation of physical 
principles, facts and concepts. When 
it is not possible to piovide direct ex- 
penencc to the student in the laboratory, 
the films come to the rescue of teacher 
m extending his laboratory experience 
by showing expeiimcnts beyond his 
reach. 

5. the tests : The complete text¬ 
book of the pssc Physics is covered 
by a series of 10 objective multiple 
choice tests, each of 45 minutes’ dura¬ 
tion. Each test contains 35 questions 
with five probable answcis to each 
question very intelligently designed to 
measiue the attainments and grasp of 
the student on the fundamentals of the 
topics. The method eliminates lote 
memorization and examining on tire 
part of the student and forces him to 
study the text in detail. The tests are 
such that no help-book or guide can 
help the student, 

The Teaching Technique 

The pssc method of teaching is 
textbook-centred and consists in moti¬ 
vation and elucidation of the textbook 
topic by means of demonstrated lec¬ 
tures and films. These are supplemented 
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by first-hand laboratory experience 
of the topic by means of simple and 
direct experiments with the help of 
standard kits. Theory mul experimen¬ 
tation go hand n> hand usually onr* 
pointing to the otliei. Most of tin: 
apparatus is extiemelv simple in design 
and can easily be improx i/ed In, any 
intelligent, resomceful and zealous tea¬ 
cher or student with some initiative. 
This is further ruinfmeed b> class dis¬ 
cussions and group discussions and solv¬ 
ing of numerical, graphical and geome¬ 
trical problems from the ‘Home, Desk 
and Lab.’ section of the textbook. Thus 
all round effort is made to bring home 
the underlying fuels, principles and con¬ 
cepts by individual attention to each 
student as far as possible. 

Adaptability of PSSC Material 

A critical examination of the esse 
material with regard to its adaptabili¬ 
ty in Indian secondary schools was 
undei taken by me with special refer¬ 
ence to the syllabi of the high and 
higher secondary examinations of the 
Madliva Pradesh Board of Secondary 
Education in 19fi8. It is presumed 
that the syllabi for these standards in 
other states of the country would be 
more or less at par with those in 
Madhya Piadesh. 

It was found that the rsso course 
could not be adopted as it is under the 
present limitations. One of tiro major 
huidles was found to be. the medium 
of instructions which is the le.gional 
language of the state and not English, 
Regarding the course-content it was 
found that most of it could be incor¬ 


porated without much difficulty in 
some way or the other, as detailed in 
the Appendices I and 2 Actually it is 
not tlie content of the vssc Physics 
which is important, but the integrated 
approach and the spirit of the rssc 
Plixsies. The subject as one unit is far 
n ion; important and needs to he fol¬ 
lowed in our schools. 

It was felt earnestly that some of the 
more essential and fundamental ad- 
\auces in modern physics should be in- 
eluded in the secondary school curri¬ 
culum. They arc given in Appendix 
3. In order to cope up with this in¬ 
crease nr content, some topics in pro¬ 
perties- of matter and heat, e.g., density 
determinations, thermometry, calori¬ 
metry and specific heat, etc., should be 
shifted to class VIII of the middle 
school stage. 

In order to make a full use of the 
films, they should be dubbed in region¬ 
al languages, and the help of such 
agencies like the extension services 
departments running under the Depart¬ 
ment of Field Services should be taken 
for the display of films in each big 
school oi group of small schools, The 
other materials of the esse should 
also be translated as early as possible 
into the regional languages. 

Conclusion 

In the end, I wish to emphasize 
once again that inventions and dis¬ 
coveries m physics will continue to pour 
at their own fast rale. It is for us to 
rise to the occasion and keep pace 
willr them. 
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News and 
Notes 


SCIENCE TALENT SEARCH SCHEME 
SUMMER SCHOOLS 


W ITH the decision to extend the pro¬ 
ject to 30 moie schools during 
1966-67, it was decided to organize a 
one-month summer course of intensive 
in-servicc training for teachers. With the 
cooperation of the Directorate of Educa¬ 
tion in Delhi, some 58 teachers were 
selected for the above course. Two 
laboratory work-rooms were set up 
with necessary equipment and furni- 
true. Teachers of the physics-mathe¬ 
matics group worked in one room and 
those of the biology-chemistry group 
in the other. These looms were fur¬ 
nished with demonstration tables and 
work tables that were designed and 
made in the Central Science Work¬ 
shop. 



Trainees in Summer Course 


The course started on 10 May 1966 
with 55 participants fiom 30 selected 
schools of .Delhi. For the first few 
days the unesco experts addressed 
these tcachcis on topics of pedagogy. 
Later on, the participants were divid¬ 
ed into two groups for detailed dis¬ 
cussion of the subject contents; (a) 
mathematics-physics and (b) biology- 
chemistry. Eveiy paiticipant was thus 
trained for two subjects. Nearly 46 
hours weie spent in each subject for dis¬ 
cussion and experimentation, The ana¬ 
lysis of the syllabus and the teaching 
themes were discussed during these 
periods. In all these discussions, the 
emphasis was on the expeiimental ap¬ 
proach towards the teaching of sub¬ 
ject. The participants did all the in¬ 
dividual as well as demonstration ex¬ 
periments. They took a keen interest 
m the laboratory work and the discus¬ 
sion on the analysis of the themes. 
They were of the opinion that the new 
course is highly interesting and the 
students would show enthusiasm for the 
experimental work in teaching. 

In each subject, about ten lectures 
were arranged on advanced topics. 




Dr Tiivedi o£ Ahmcdabad is conducting an experiment as an interested 
trainee looks on. 


Some of these lectin es were delivered 
by the members of the department, 
while othois were deliveied by the 
membcis of the faculties of Delhi Uni¬ 
versity, | 

SCIENCE STUDY GROUPS 
A conference of scientists and edu- 


Fractical Demonstration. 



catois was held in Delhi from 21 
to 23 April 1966 to discuss the ques¬ 
tion of improving science education in 
schools and to think of ways and 
means of di awing up plans for the 
same. It was strongly felt that the 
curriculum in science had to be revis¬ 
ed and analyzed, and books with the 
guide materials prepared as early as 
possible. In order to implement these 
decisions, the conveneis of the four 
subject groups—physics, chemistry. Bio¬ 
logy and mathematics—met in the De¬ 
partment of Science Education on 28 
and 29 June to work out the details 
of the programme. Twenty-one study 
groups—five each in physics, chemistry 
and biology and six m mathematics— 
have been set up each under the lea¬ 
dership of a reputed university professor 








Mr Ranaweera of Ceylon at UNESCO Pilot Project. 


It is hoped that the study groups 
would complete their work hy the end 
of December 1968. 


Trainees at Work in the Summer School. 


SCIENCE TALENT SEARCH SCHEME 
SUMMER SCHOOL 

Sixteen summer schools wore held 
during May 1966 foi the awardees of 
the Science Talent Search Scheme Six 
centres were selected for the pur¬ 
pose, namely Delhi (4), Allahabad 
(2), Patna (2), Bangalore (3), Calcutta 
(2) and Bombay (3). This year these 
summer schools were organized accord¬ 
ing to subjects, the distribution being 
physics-5, chcmistxy-4, biology-4 and 
mathcmatics-3. The idea of holding 
summer schools for each subject separa¬ 
tely aiouscd gieat enthusiasm among 
the participants, Interesting piog- 
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lammes of activities like special lec¬ 
tures, projects, laboratory woilc, film 
shows and scminais were arranged in 
each school. The total number of par¬ 
ticipants was 500. 


Locations of Summer Schools to be 
held from 15 May to 14 June 1967, 
have been listed m the table on next 
page The names of directors have 
also been mentioned there. 


A View of the Praclicals at the Science 
Talent Search Scheme of the Summer 
Schools. 




SUMMER SCHOOLS FOR 1967—A LIST 


P HY Sit'S 


Prof n Narasimhaiah 

Principal 

National College 

Bangalore 

Di. S.C. Jam 

Head of Physics Deptt 

Indian Institute of Technology 
New Delhi 

Pror R.D. God bole 

Puncipal 

Ram Narain Ruia College 

Bombay 

Prof, B M, Ananil 

Punjab University 

Chandigarh 

Prof. I, Vcuna, 

Mahazana Bhopal College 
Udaipur 

Prof, B D. Nagcbaudhari 

Saba Institute of Nuclear Physics 
Calcutta 


ClILMIMItY 


Dr, K, Srinivasan 

Principal 

College of Aits and Science 

K.R. Road, Vjsw.iswapuram 
Bangalorc-4 

Ptof V K, Phansalkar 

Poona University 

Poona 

Pi of RP Mitra 

Delhi University 

Delhi 


III O I. O Cr Y 


ProT R D. Misia 

Deptt. of Botany 

Banaras Hindu Univcisity 
Banarns 

Ptof. T.V. Dcstkarchnry 

Madras Univcisity 

Madras 

Pror B R, Sesluichar 

Delhi University 

Delhi 


MAI II r M ATI C S 


Prof, J.N. Kapur, 

Indian Institute of Technology 

Kanpur 

Prof R S. Vcrma 

Delhi Univcisity 

Delhi 

Prof. P.I. Bhatnagar 

Institute of Science, 

Deptt. of Applied Mathematics 


Bangalore 


A 'ole: The Schools will run from 15 May to 14 June 1957, 





TEACHING READING A CHALLENGE 


Demy 8’vo pp Vlll-f263 Price Rs. 4,00 

This book will be a valuable guide to teachers Interested in im¬ 
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Library 


Chemistry: Published for the nuffield 
foundation. Longmans/Penguin books 
1966. 

Interest in the development of 
science education in the secondary 
schools and dissatisfaction with 
out-of-date curricular began to be 
felt in the early fifties of this cen¬ 
tury even in the advanced countries of 
the West, and this reached a crescendo 
of self-criticism after the launching of 
the Sputnik I by the USSR, provid¬ 
ing a suitable climate of opinion for the 
wholesale revision of the curriculum. 
Among the notable attempts in this 
diiection may be cited the Chemical 
Bond Approach (cba) and Chemical 
Study Projects of the USA, the Science 


for High School Students and the 
Senior Science for High School Students 
brought out by the Nuclear Research 
Foundation within the University of 
Sydney, New South Wales, Australia, 
and the Nuffield Foundation Project of 
die U.K. Eaily m 1962, many indivi¬ 
dual school teachers and a number of 
organizations in Britain (among whom 
the Scottish Education Department and 
the Association for Science Education 
as it now is, were conspicuous), had 
drawn attention to the need for a re¬ 
newal of die science curriculum and 
for a wider study of imaginative ways 
of teaching scientific subjects. Finding 
great opportunities in die situation, the 
trustees of the Nuffield Foundation set 
up a science teaching project and 
allocated large resouices to its woik. 

Under this progiamme the Nuffield 
Foundation has produced a series of 
publications with the avowed objective 
of achieving a new approach to edu¬ 
cation through chemistry. In order to 
avoid rigidity the plan is not based on 
a single textbook. An attempt has 
been made to analyze the purpose of a 
textbook and break it down according 
to its functions. This has resulted in 
the preparation of. Book of Data, 
Laboratory Investigations, and the 
Backgiound Books. The pupils verifies 
from the Book of Data whether his ideas 
fit into observed facts. He builds his 
own part of the textbook from Laborn- 
tonj Inevstigations and the Background 
Books held him form his own library. 

The Nuffield publications have been 
divided into two broad categories: (i) 
those for the teacher and (ii) those for 
the pupil. Those belonging to the first 
category are: Introduction and Guide, 
The Sample Scheme Stages I and II (the 
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basic course). The Sample Scheme 
Stage II (A course of options). Collect¬ 
ed Experiments, and the Handbook for 
Teachers. Those belonging to the second 
category are the Laboratory Investiga¬ 
tions Stages I A, IB, II and III (options). 
The Book of Data and the Back¬ 
ground Books. Under review here is 
a specimen kit consisting of a repre¬ 
sentative selection of books from the 
above, and comprise the following. 
Introduction and Guide, the Sample 
Scheme Stages I and 11 (the basic 
cowse). Laboratory Investigations 
Stages IA, IB and II, and six Back¬ 
ground hooks, viz. Dullo-n and the 
Atomic Theory, Chemicals and Where 
They Come From, The Periodic Table, 
The Nitrogen Problem and Humphry 
Davy. 

The Introduction and Guide is one of 
die first books to be produced and 
contains a discussion of the principles 
behind the chemistry course and an 
outline of the sample scheme which is 
expanded in the book. 

The Sample Scheme Stages 1 and II 
(the basic course): The course is divi¬ 
ded into three stages. The first stage 
which is intended to cover about two 
years (11-13 years) with one double- 
period a week, is introductory and ex¬ 
ploratory. The second stage covers the 
next two years and a term (13-15 years) 
with one double-penod and a single- 
period per week and is concerned with 
the ideas Scliemists use, such as the 
atomic theory, structure and energy, The 
third stage contains a number of option¬ 
al topics for use during a part of the 
final year. Each stage is divided into 
topics which vary m length from about a 
week to six-eight weeks. The topics are 
themselves divided into sections, the 


time inquired foi a section varying be¬ 
tween one single and two double 
periods. In each section a ‘suggested 
approach’ for the introduction of the 
subject is given, the apparatus and 
exact details of procedure foi the ex¬ 
periments listed aie detailed and sug¬ 
gestions ioi homework aie also provid¬ 
ed, 

This book is tlreiefore entirely dif¬ 
ferent fiom textbooks with which we 
are familiar in India. In fact one can 
say that it does not set out any ‘fact 
foi the pupil to read and learn’ instead 
it makes him ‘do and draw his own 
conclusions’, The laboratory investi¬ 
gations consist of punched loose sheets 
which the pupils could tag on to their 
files. It is suggested that the pupils 
write a record of their work on blank 
sheets inserted to face each printed 
page. As the pupils will be building 
up their own textbooks and will often 
want to look back and remind them¬ 
selves of what ideas and conclusions 
have already come out of their inves¬ 
tigations, the record is required to bo 
as accurate and as complete as possi¬ 
ble. The printed page gives the 
obj’ects of the experiments and the 
practical details and also the kind of 
Uiings one should look for while one 
is doing the experiments, asks questions 
intended to help the student to think 
out the meaning of what he sees. All 
that he needs to do is to write the 
answers on the blank pages opposite 
the questions numbering the answers to 
match the questions. (Not evciy ex¬ 
periment has been provided with a 
printed sheet). 

The background books as the name 
suggests aie intended to give the pupils 
the necessary background informations 
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required for a proper understanding 
and appreciation of the work that they 
would be carrying out in their class¬ 
rooms They are very well written and 
copiously illustrated and could form 
an excellent libiary of supplementary 
reading material. 

The entire approach is novel, and if 
put into practice with enthusiasm and 
vigour is bound to yield the expected 
lcsults. The books should form a part 
of the library of eveiy school and edu¬ 
cationist interested in secondary science 
education, especially chemistry. 

C. RADHAKBISHNAN 


Biology : A Textbook for Higher 
Secondary Schools Section 4 and 5. 

p. MAHESHWABI AND MANOHARLAL 

National Council of Educational Re- 
seaicli and Training, New Delhi 1966. 
pp 129, Rs, 3.50 

The first three sections of this book, 
already published weie reviewed in 
these columns in the earlier issues, 
Sections 4 and 5, just released, deal with 
‘Plant and Animal Physiology’ and ‘Self- 
perpetuation or Reproduction’. In 
its nine chapters, Section 4 gives the 
student the details about various as¬ 


pects of the ‘Plant and Animal Physio¬ 
logy’. Perhaps for the first time in the 
Indian textbooks for high school stu¬ 
dents, physiology is dealt with in such 
details especially among tire animals. 
Wherever possible, the topics are dealt 
with in an integrated manner, parti¬ 
cularly m the chapteis ‘On Being Alive,’ 
‘Transport and Circulation, ‘Respira¬ 
tion and Provision of Energy’, ‘Excre¬ 
tion, ‘Water Economy’, ‘Growth and 
Development’, and ‘Responsiveness and 
Coordination’. 

Section 5 deals with reproduction in 
plants and animals in two different 
chapteis. Of particular interest is the 
Chapter 48 where human development 
is dealt with. Facts about Develop¬ 
ment, Artificial Insemination, Paiental 
Care, Hormones and Reproduction, and 
Multiple Births are dealt with in an 
interesting and simple way. The de¬ 
tails of reproductive system were given 
in Section 3 in the chapter on Mammals. 

Like all the other sections these sec¬ 
tions are also profusely well illustrated 
with a few colour drawings. Sections 
6 and 7 on ‘Heredity, Evolution and 
Adaptation’ and ‘Geneial’ have also 
been published. It will be leviewed 
in the next issue. 


S. DORAISWAMl 
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A Review of Some 
Approaches to Physics 
Teaching 

Bina Ghosh 
A. K Siniia 
B D Nagchaudhuri 


T HE huge, almost frightening ex¬ 
pansion of science that has occur¬ 
red in our time has made a tremendous 
impact on oui educational programmes. 
Learning and its effective applications 
to society have become complicated 
problems. The school curriculum 
that was prepared a hundred years 
ago to satisfy the academic needs 
of those clays is now obsolete. To 
keep students abreast of the new con¬ 
cepts and ideas of science a change in 


tire pattern of teaching is necessaiy. 
This pattern should be onented to 
augment the scientific, technological 
and economic growth of a "country and 
at the same time to give the student 
the basic scientific knowledge which 
would help him in his vocation and in 
his day-to-day life. 

Physics is one of the main science 
subjects and sociely depends to a great 
extent on its inventions and discovciies. 
But science educatois throughout the 
world have found it difficult to pie- 
pale a syllabus covcirng the whole area 
of physics. They have concluded that 
to fiame a syllabus ccitain topics must 
be selected, after proper scrutiny, fiom 
the vast field of physics but the coher¬ 
ence of the subject should he preseiv- 
ed And, to give the cuniculum an 
effective shape, with this should be 
combined the insights and expeiience 
of physics teachers. As a lcsult, new 
pilot projects for physics teaching have 
been instituted in many countries and 
syllabuses have been modernized. To 
develop a new system of physics teach¬ 
ing in schools, attempts have been made 
in progressive countries like the U.S.A., 
the U.S.S.Tt., Australia, and many others. 
We shall now discuss the progress of 
these piojects. 

I PSSC Physics 

The Physical Science Study Com¬ 
mittee is the combined work of uni¬ 
versity and secondaiy school teacheis 
in the U.S.A. The project was started 
in 1956 under the patronage of the 
National Science Foundation and was 
aimed at students who took up physics 
for the first time and who were drawn 
mostly from the upper half of the school. 
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Tlu>, project combined the expe¬ 
riences of teacheis, scholars and othei 
specialists in the field The Com¬ 
mittee selected subject-inattei and 
organized it as a powerful medium of 
learning, both m and outside the class¬ 
room. Instead of giving a fiagmentaiy 
knowledge of everything, the committee 
wanted to select suitable, topics xvith the 
deepest meaning and the widest appli¬ 
cability. 

The materials pieparcd by the Physi¬ 
cal Science Committee arc: 

1. Textbooks 

2. Laboratory guides 

2 A set of new and inexpensive 
appai atus 

4. A huge numbei of films 

5. Standardized tests 

6. A seiies of paperback books 

7. Teachers’ guides 

The coiuse is divided into foui parts: 

a) The Universe 

b) Optics and Waves 

c ) Mechanics 

d) Electiicily and Atomic Structuic. 

The Universe includes time and 

measurement, space and its measures, 
functions and scaling, motion along a 
stiaiglit path, motion in space, mass 
and the elements, atoms and molecules, 
the nature and measiucments of a gas 

Optics and Waves begins xvith how 
light behaves, reflection and images, 
refraction, the paiticlc model of light, 
introduction to waves, waves and light, 
interference, light waves. 

Mechanics deals with Newton’s laws 
of motion, motion at the eiuth’s surface, 
univeisal gravitation and the solar sys¬ 
tem, momentum and the conseivation 
of momentum, work and kinetic energy, 
potential eneigy, heat, molecular motion 


and conservation of eneigy. 

Electricity and Atomic Stiuctuie in¬ 
cludes some qualitative facts about 
eicctncity, Coulomb’s law and the ele¬ 
mental y clectiic chin ge, eneigy and 
motion of charges in clectiic fields, elec¬ 
tric circuits, the magnetic field, elec- 
tiomagnetic induction and eleeliomag- 
netie waves, exploiing the atom, pro¬ 
tons and mattoi, waves, quantum sys- 
stems and the structure of atoms. 

The logic of the subject has been 
maintained throughout the course, Con¬ 
cepts and ideas aie placed in order, so 
that the earlier maleiials aie used to 
clanfy the mateiial that follows. The 
coiuse also aims at familian/ing stu¬ 
dents with the concepts The labora¬ 
tory piograminc includes 50 experi¬ 
ments and ten demonstrations. The 
apparatus for the expel iments is avail¬ 
able in kit foim. The student is pro¬ 
vided with a laboratoiy guide, book 
winch contains necessary instructions. 
The book also directs the student’s 
attention to important points by raising 
questions. The teachers’ guide book 
contains detailed inhumation regard¬ 
ing laboratory experiments, solutions of 
problems and othei necessary informa¬ 
tion, The committee plans to iiroduce 
nearly 60 films. The films' will lessen 
the load of the teacher and aie pro¬ 
duced for various pedagogical piu- 
poses. The course has ten achievement 
tests (two per pint) and two compre¬ 
hensive tests. The tests are objective 
in nature. 

II Physics in the U.S.S.R. 

A state council was set up in Soviet 
Russia in 1919 to reform science educa¬ 
tion at school level but the majoi work 
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of reform staitecl in 1957. In post¬ 
graduate classes, the study of pedago¬ 
gics, psychology, logic and methods of 
teaching was made compulsoiy. As a 
result the number of skilled teachcis 
increased sufficiently. 

Education in the Soviet Union is com¬ 
pulsoiy now fox students of age gioup 
7-18 yeais. The schools aic co-educa- 
tional and there are 30 students in each 
class. We shall give here a bnef out¬ 
line of the project 

The aims of the secondary school 
physics course rn the U.S.S.R, aie: 

1. To give the pupils a framework 
of knowledge in physics 

2. To piovidc a ceitain lango of 
technological information. 

3. To develop ceitain piactieal skills 
in laboiatoiy woik, liouschold 
tasks, and to help the students 
to do things for themselves and 
to develop technical cieativcncss 
and imagination, 

4. To develop m them a materialistic 
outlook and an understanding of 
the physical pattern of flic world 
on the basis of physics. 

The course begins for the elemental y 
stage and is intended for the age group 
13-18. It is done in two phases: the 
fust in the eight-year school (grades 
VI to VIII, 249 periods), the second in 
the senioi giades in the eleveu-yeai 
secondaiy school (grades IX to XI, 382 
penods). Grades VI and VII have two 
lessons a week, giades VIII and IX, 
three, grade X, four; and giade XT, 
thiee. 

The syllabus for each grade is as 
below. 

Eight-Yeai' School 

Grade VI Elementary physical phe¬ 


nomenon, physical quanti¬ 
ties and their measure¬ 
ments; piopeities of solids, 
liquids and gases; rudi¬ 
ments of the sLnictuie of 
mattci; elementary heat. 

Grade VII. Mechanical motion and 
friction, composition of 
foices and equilibrium, 
work and energy mecha¬ 
nisms; lieat/woik; change 
of state, tlicimal expansions 

Giade VIII Sound and light; rudiments 
of cun cut clectncity; resis¬ 
tance, voltage, work and 
powci of electric cunents, 
electromagnetics; mdiments 
of ladio reception; principle 
of atomic stiuctuie. 

Eleven-Year School 

Guide IX Mechanics; uniform mo¬ 
tion; Newton’s laws of mo¬ 
tion; elements of statics; 
parabolic and circular mo¬ 
tion; univeisal gravitation, 
work and energy; mechani¬ 
cal vibiations and waves; 
motion of liquids and gases. 

Grade X. Moleculai physics and heat 
(fundamentals of mole¬ 
cular kinetic tlicoiy, struc¬ 
ture of matter, heat, work 
and internal energy; pio- 
perties of gases and liquids 
in relation to their inter¬ 
nal structure; fusion and 
crystallization; evapora¬ 
tion; boiling and conden¬ 
sation; properties of steam 
and tbeimal engines). 
Electricity ( clectucal 
charge and field current 
in metals, electrolytes and 



188 


sciiooi. st.iKXCK Sfci'U'MBtn 1967 


gases; semi-conductors; 
magnetic field and elec¬ 
tromagnetic induction). 

Grade XI. Electiicity (alternating 
cun cut, electromagnetic 
vibrations and waves, pro¬ 
duction and use of electric 
powei). Optics (photo¬ 
metry and geometrical op¬ 
tics, wave and quantum 
properties of light). Atomic 
stiuctuic; atomic cneigy; 
the election envelopes of 
the atom, radioactivity, 
composition ol atomic 
eneigy; atomic powei; 
tracer atom radiation; radio 
activity. 

During both the stages the students 
are given tlieoictical and piactical ins¬ 
truction. Tlic secondary physics course 
has an experimental bias. In this course 
students are given practical home task. 
Experiments are given in such a way 
that these become an integral part of 
the study. The cumculum also in¬ 
cludes film shows and excursions. The 
experiments prescribed in the hook 
are easy and inexpensive The teaclici 
is not provided with a guide book, 

III The Nuffield Foundation Science 
Teaching Project 

The project was set up m 1961. Its 
objectives are to make science intelli¬ 
gible and accessible to pupils of all 
kinds in schools of all kinds, and to 
make it a useful tool, both intellectual¬ 
ly and piactically. The first phase of 
the project was devoted to the teaching 
of science in the age group 11-16. 
Teaching materials—books, films and 
apparatus—were developed. The whole 
project was a synthesis of the work of 


a team of practising teachers. 

The entuc com sc* has been divided 
into two levels : Oidinary or ‘O’ level 
and Advanced oi ‘A’ level. 

The, ‘O’ level course is foi students m 
the age group 11-16 and the purpose 
is to give preliminary knowledge in 
science to all category of students. It 
is a five-year course and starts from the 
conception of materials and molecules. 
One five-unit syllabus is gi\cn below, 

Year I 

1 Matcnals and molecules 

(exhibition, crystal, weighing) 

2, Making a microbalance (a class 
experiment with simple mate¬ 
rials ) 

3. Rough measurements (weighing, 
tuning, statistics) 

1. Looking for a law of levers (a 
simple series oi experiments) 

5. Investigations of springs 

6. Air pressure and molecules 
(barometers, gas models) 

7. Measurements of a molecule 
(surface tension experiments, oil 
film experiments) 

8 Energy (a fiist look at energy) 

Year II 

1. Forces 

(turning effects, magnets) 

2. Electric circuits 

(lamps', switches, ammeters, a 
scries of class experiments) 

3. Electric currents 
(conduction of liquids and gases, 
electron streams) 

4. More forces 

(weight, friction, continued fiom 
Year I) 

5. Energy 

(energy changes, power) 
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6. Heal 

(measurement and effects, tem- 
peratuic, molecular model) 

7. Heat transfer 

(experiments on conduction, con¬ 
vection and radiation) 

Year III 

1. Waves 

(wave behaviour with models, 
lipple) 

2 Optics 

(images and lays, instruments) 

3. Motion and Foice 

(infoimal preparation for New¬ 
tonian dynamics) 

4. Molecules in motion 
(molecular models, behaviour of 
a gas) 

5. Electromagnetism (extensive class 
oxpeiiments with magnetic field, 
current force, meteis motors, 
electromagnetic induction) 

6. Cells and voltage 
(introduction to voltmctcis, 
model power line) 

7. Electrostatics 

(charges, fields and foices, elec¬ 
tron streams) 

S. A fruitful theoiy 

(teaching the use of a theoiy) 

Year, IV 

1. The physical basis of Newtonian 
mechanics (foice, mass, accelera¬ 
tion, weight and gravitational 
field, inertia, momentum, kinetic 
cncigy) 

2. Kinetic theory of gases 
(models, simple derivation and 
predictions, estimate of molecu¬ 
lar diametei) 

3. Universal conservation of energy 


(heat as a form of energy, uni- 
veisal consei vation) 

4. Power 

(measuiement of pupils’ power) 

5. Electiicity 

(voltage, cuncnt and powci) 

6. Elections 

(piopeities of election stiearns, 
the Millikan experiment) 

Year V 

1. Motion in an orbit 

(cential acceleration and satel¬ 
lites ) 

2 Elections in mbits 

(electron streams and magnetic 
fields, measurements of c/m, 
atom model) 

3 The Grand Theoiy 

(Planetary astronomy and the 
development of theory) 

4 Oscillation and waves 

(S.H.M. alternating cuirents, 
waves) 

5. Inteiieience of light waves 
(diffi action. Young’s fringes, 
giatmg and estimates of wave¬ 
length, spectra) 

6. Radioactivity 

(An experimental study) 

7 Waves arid particles 

(photo-electric effect, X-rays and 
crystals, electromagnetic spec¬ 
trum, photons and waves, matter 
waves, atom model). 

The ‘A’ level course runs simulta¬ 
neously in the same age group foi talent¬ 
ed students. No syllabus for this course 
is given. In the C A’ level comse, moic 
stress has been given to the technologi¬ 
cal implications of science. 

The pioject published a Teachers’ 
Guide to Experiments, and a Questions 
Book. 
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Examinations arc considered as a 
helpful part of the emu so and special 
evaluation programmes have been de¬ 
signed for this puipo.su. 

IV Pilot Project on the Teaching of 
Physics-UNESCO, IBECC, San 
Paulo, Brazil, 1963-64 

The objective of the piojcct was to 
find out new methods and techniques 
for physics teaching in Latin America, 
The topic chosen for this couisc was 
The Physics of Light, In this course 
students themselves have to peifonn 
laboratory experiments. Eight kits, con¬ 
taining materials foi a large numbei of 
simple experiments have been develop¬ 
ed, The shortage of teacheis posed a 
severe pioblem in the introduction of 
these experiments in over-sized classes, 
To overcome this problem self-instnte- 
tional materials have been developed. 
This self-instructional or progtammed 
instruction text will ensure on the part 
of the student, an active attitude and 
immediate comprehension of the subject 
during study: To avoid experiments 
involving expensive and elaborate 
equipment, short silent films and long 
sound films are used. The use of 'edu¬ 
cational television’ has also been sug¬ 
gested. Television clas'ses, showing an 
expert teacher performing the experi¬ 
ment, will serve as examples to avciage 
teachers. 

A programmed instiuction text in 
five units is given below. 

1. Experiments and graphs 

2. Some fundamental pioperties of 

light 

3, A particle model for light 

4, A wave model for light 

6. Electromagnetic waves—photons. 


The pi eject developed : 

1. Eight kits of inexpensive laboia- 
toiy equipment 

2. Twleve shoit silent films (avei- 
age time 4 to 5 minutes each) 

3 One 16 mm film with sound 
(Title: Light, , . ,is it waves? 
Duration: 30 minutes). „ 

Eight television programmes also 
supplemented the couisc. The whole 
project concluded with a regional semi¬ 
nal on 'New methods and techniques 
in physics teaching’. 

V The Harvard Physics Project 

The Ilaivard Physics Piojcct consists 
of scientists and high school teacheis 
fiom all paits of the U.S.A. They have 
been working together since July 1964 
to develop during three years the in¬ 
structional materials needed for a new 
kind of physics couisc for secondary 
schools'. It is liojicd that aftei it is 
finalized the course will appeal to a 
wide variety of students, fiom those who 
arc science-oriented to those who are 
shy of tile subject. 

The project attempts to tieat physics 
as a systematic and fundamental science 
and tries to establish coordination with 
other blanches of science. 

The new course will be centered on 
a solid introduction to physics, includ¬ 
ing some of its recent developments. 
The main content is’ organized under 
seven general headings: 

Unit I, Concept, ol motion 
„ II. Motion in tile heavens 
„ III. Conservation and chaos 
„ IV, Waves and fields 
„ V. Models of the atom 
„ VI. Nucleus 

The Pioject physics course is mainly 
divided into two paits : 
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a) Basic com sc 

b) Supplementaiy and complemcn- 
tiuy mateiials. 

The basic couise piovides basic text, 
associated laboiatoiy woilc and demon¬ 
strations, audio-visual mateiials, pio- 
giainmcd instinotion, examinations and 
a Teachers' Guide. 

The Harvard pioject ciiticizcs the 
PSSC pioject on the following grounds. 

1. The PSSC couise is loo long and 
too difficult for many of its in¬ 
tended students. It demands a 
lanly sophisticated contiol of 
mathematics. 

2. It ciis in avoiding technological 
applications, 

3. It emphasizes classical and mo¬ 
dern mechanics without paying 
any attention to the develop¬ 
ments in astronomy which pre¬ 
ceded classical mechanics. 

4. It is particularly weak in leans 
of laboiatoiy experiences with 
modem olectiical circuits and 
devices, 

VI The Progianime of the Organiza¬ 
tion for Economic Cooperation and 
Development of Europe—A Modern 
Approach 

The aim of the OECD piogramme is 
to bring the secondary curricula in 
line with modem developments in the 
scientific disciplines. 

The couise begins with the concept 
of atoms, molecules and elections. The 
argument for this is that students now¬ 
adays aie aware of these teans. So 
teachers should begin the course from 
the children’s point of interest. Next, 
the emphasis is placed on mechanics. 
Teaclieis are advised to teach mecha¬ 
nics as a branch of science and not as 


a bianeli of applied mathematics. Too 
much stiess should not be laid oil nume¬ 
rical examples. Maintenance of close ' 
contact between teaclieis of physics 
and chemistry has been advised. One 
syllabus, which has put moie stiess on 
the modern developments m science, is 
given below. 

1. The paiticle natuie of matter, 
geneial ideas of diffeience be¬ 
tween atoms, molecules and elec¬ 
tions. 

2. The beginnings of an under¬ 
standing of the basic concepts 
and laws of mechanics, with em¬ 
phasis on the physical significance 
of the concepts, 

3. The simple piopertics oi gases 
and vapoius, an idea of tem- 
peiaturc and pi assure as a phe¬ 
nomena of the iiaiticlc in motion, 
states of mattci and change of 
stale in terms ol aggiegation of 
atoms and molecules; chemical 
bonds. 

4. Measurement of tcmpeiature and 
the tiansfer of beat, the laws of 
thermodynamics; the energy sup¬ 
ply available in natuie. 

5 The structuio of atoms, elec¬ 
trons as cameis of electiicity, 
electiostatics, tlieimomcs; electio- 
magnetism, magnetism. 

6. Mechanical, acoustic and electro¬ 
magnetic vibiations. 

7. Light as clectiomagnetie radia¬ 
tion; geometrical optics; diffrac¬ 
tion interference; emission and 
absoi phon of light; simple ideas 
of quantum theory; emission of 
X-rays. 

8. Radioactivity; the stiuctuie of 
the nucleus; nuclear reactions, 
equivalence of mass and energy, 
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ail elementary introduction to 
lclativity. 

VII The Science for High School Pro¬ 
ject, New South Wales, Australia 

This project under Dr. II. S. Wynd- 
luun has introduced a new concept of 
education in Australia, The objective of 
the project is to piepaie Australian 
hoys and girls to live better in a scien¬ 
tific age and to understand bcttoi the 
weald of tomoraow which is tlieiis. 

Science for High School is written 
lor use over a wide range of age from 
12 to 15 years. The ‘Senior Science’ 
is meant for age groups 16+ and 17-I-, 
i,e., it is a two-year com.se, and each 
book is devoted to a single subject. 

The unabridged edition of Science 
for High School is intended for 
those taking tlicii school certificate at 
the ‘advanced’ level, An alnidged edi¬ 
tion has also been designed for use of 
the pupils following the oidinary' level 
com sc. The students will receive five 
science instruction peiiods a week and 
the coiu&e will lead to the School Cer¬ 
tificate. 

Another noteworthy merit of the 
course is that it contains all the bran¬ 
ches of science, such as physics, chemis¬ 
try, biology, etc., which aie treated m 
an integrated form and not compart¬ 
mentalized. 

The proposed syllabus, which in¬ 
cludes most of the modern develop¬ 
ments of science, is grven below. 

1. The Univeisc — the solar system; 
galaxies; gravitational field; the 
atom universe, elements; molecules; 
electric field; solid, liquid and gas; 
electricity, the planet earth; the 
scientific method. 

2. Matter and energy; the effects of 


heating mallei; pm tides of matter, 
diffusion; what happens dming 
change of stale? Pai tides, motion 
and tcmpeialmc; the sizes of pni- 
ticle.s; the kinetic thorny of matter, 

3. Moie about heat —conduct of heal; 
the star splieio; the celestial time 
on earth; past geography ol the 
eaith; heat is very impoitant in 
geography; heal is important in 
agriculture; heat encigy in the 
kitchen and in the pressure cookei 

4. Convection in the air; immation of 
cloud; the wcalhci map. 

5. Electiio energy; dectiie charges; 
electiophoius; dectiie cunent; vol¬ 
tage; resistance; electric unicmt 
through liquids; magnetic ('fleets 
of an electric current; the voltaic 
cell; electric cunenls in nerves. 

6. Waves—water waves; inflection and 
refraction ol waves; light as a wave, 
motion; sound as a wave, motion. 

7. Forms of encigy and machines— 
machines, motion, particular move¬ 
ment; energy due to position; 
energy of strain; forms of energy, 
encigy transformation; the ma¬ 
chine; the simple machine, ivliat 
machines do for us. 

S. Gravitational attraction and move¬ 
ment; what is a force; gravita¬ 
tional forces; motion under the 
action of the weight-force; mea¬ 
surement of mass; movements, 

9. Satellite motion —putting a satd- 
lite into orbit; weightlessness; cal¬ 
culation of approximate satellite 
speed, some satellite experiments; 
meteors and meteorites; cause of 
moon crateis. 

10 Pressure — the earth’s atmosphere, 
atmospheric pressme; fluid pres- 
suie acts in all directions; fluctuat- 
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ing pressuic, measiuemenl of air 
picssure; atmosplieie thins out with 
height, piessurc in liquids, Pascal’s 
principle; buoyancy; fluids in 
motion. 

11, Matter and foiccs between parti¬ 
cles— conduction of electricity, 
melting point, hardness, malleabi¬ 
lity and ductility; boiling point; 
the elasticity of substances; exp¬ 
lanation of strain and stress in 
materials, 

12. Speed, acceleration and force; the 
meaning of speed, velocity, acclcra- 
tion; the accleration due to gra¬ 
vity; unil’oim acceleration; what 
causes an acceleration? Newton’s 
Fust Law, Newton’s Second Law; 
weight; gravitational unit of force; 
air i esistancc. 

13 Newton’s Third Law; action and 
inaction — examples; reflection of 
particles; momentum; crash eflect, 
unit of momentum; conservation of 
momentum; proof of conservation 
of momentum; how a rocket works; 
relative velocity. 

14. Moie about energy — mechanical 
work; potential eneigy, kinetic 
eneigy; kinetic eneigy of leaction; 
spinning objects. 

15. Heat energy; quantity of heat; 
measuring with heat units; specific 
heat; tlieoiy of heat; explanation of 
some common heal effects in teims 
of the theory of heat; what was the 
purpose of Joule’s work? 

16. Measuring electricity, electric 
charge, electric current; potential 
difference; electric power; electri¬ 
cal appliances in the home; poten¬ 
tial difference and resistance; loss 
of energy by a current; moving 
charges produce magnetic fields. 


making an electric compass, mag¬ 
netic fields; what makes an electnc 
motor spin? Sources of electric 
power. 

17. Electrons in the service of man — 
alternating current, electronics, 
conduction of electricity thiough 
gases. 

18. Foices between particles — surface 
tension, field, the centre of the 
earth. 

19. The electiomagnctic spectium, de¬ 
tection of radiant eneigy, ladio and 
television; frequency and wave¬ 
length, further piopeities of waves, 
detection of radiant eneigy 

VIII Recent Developments in Science 
Teaching in Scotland 

A group to modernize science teach¬ 
ing m the school was set up m Scotland 
in 1963. Scottish secondaiy education 
begins at the age of about 12 years 
The gioup tried to lefoim the tiadi- 
tronal school physics syllabus to bring 
it nearer to the piesent day. Tiadi- 
lional materials and euipment were re¬ 
moved and replaced. The syllabus 
deals with the following topics- (1) the 
physical basis of Newtonian mechanics; 
(2) the kinetic pictuic of heat flow; (3) 
waves of inter conversion and conser¬ 
vation of energy; (4) electromagnetism; 
and (5) atomic physics 
The laboratory experiments were 
completely changed. Some of the ex¬ 
periments- are qualitative in nature but 
students are expected to find out the 
values of physical constants m some 
cases. 

IX The Applied Physics Course, 
New York 

The aim of the corn sc is to give 
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tichnical education lo those students 
who will not plowed beyond the high 
school level. It deals with the technical 
applications oi physics moio than with 
theoretical physics As lor example, 
the hyduuilie press has hern explained 
without explaining Pascals Law. Mathe¬ 
matics has been minimized. One of tho 
syllabuses is given below. 

I, Electricity—uses, safety and supply 
2 The automobile—different paits and 

tlieii functions 

3. Diffoicnt types ot engines — gaso¬ 
line, diesel, jet, mekel, steam, steam 
turbine 

4. Ilohhv satisfying devices—phono¬ 
gram, i(’folding eameia, etc. 

5. Energy and power 

6. Atomic eneigy — oiigui, pi eduction, 
peacetime use, international con¬ 
trol 

7. Airplane — dilleienl parts and then 
functions, control safety 

3. Electronics — different pails of 
ladio it’ceivci, television, radar, 
etc. 

9 Tempeialiue—lcfrigeialion, domes¬ 
tic and industrial heating process 
and control, aii conditioning 

10. Health —diffeient technical me¬ 
thods and tools used in medical 
pi ocedui cs 

II. Hearing 

12. Vision 

X The Science Manpower Pioject — 
Teachers’ College, Columbia Uni¬ 
versity, New York 

The aim of this course is to piovide 
a basic understanding of the concepts, 
theories and principles of modern 
physics 

The outline of the course is present¬ 
ed in eight areas: 


1. Foundation oi mechanics 

2. Wave motion 

3. Heat eneigy 

4 The mi hue and propagation of 
light 

o, Eleeh icily, magnetism and electro¬ 
nics 

6. Nuclear energy 
7 Relativity. 

The pioblenvsolviug appioueh to 
instruction has been ,stressed. A pro¬ 
blem is frequently approached by way 
(>f questions asked by the students oi 
the tcachei Discussion, demonslia- 
lions, individual laboraloiy woik, film 
shows, tests and examinations me pio- 
eesses lo help the eduealional piogiess. 

hi the place nl the traditional exami¬ 
nation, (lie sell-evaluation test has been 
suggested. Here the student will eva¬ 
luate Ins own piogiess. Tims lie will 
Ik* less giade-conseious and will tiy to 
eliminate his own slimtcommgs. The 
leachei will test the students befoio and 
ai'tei instruelion, lie will also judge as 
lo how well a given student follows 
dnections and eanies out his various 
assignments in individual and group 
activities. 

The process of evaluating a student’s 
giowth will help a teacher to review his 
piogramme of instruction lie will note 
Ins own successes and wish to repeal 
them. ITc will note his failures and try 
to eliminate them. At tho same time lie 
will include- new discoveries in Iris pio¬ 
gramme of instruelion which, like 
science itself, will be a fluid and chang¬ 
ing thing. 

Discussion 

The methods of teaching physics 
developed in the various countries dui- 
ing the last fifty years have been clis- 
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cussed above In all these pi ejects, the 
planners have hied to show that phy¬ 
sics is not a mere collection of facts. 
The approaches to physics teaching are 
dilleient for diflcrenl groups but the 
goals are the same. The pioneer woik 
m the field was done by the Physical 
Science Study Committee in the U.S.A. 
This work was lollowed by similar 
developments in biology and chemistry 
The project expanded its boundary be¬ 
yond America and developed reforma¬ 
tion work in nndei-developed conn tries 
like Africa Students for the PSSC 
course weie diawn from the uppei half 
of the school, and not from the elemen¬ 
tary classes. The new technique adopt¬ 
ed m the com sc was to allow cluldien 
to do experiments themselves Anothci 
new feature was the involvement of 
teaclieis in the evolution of the curri¬ 
culum. As students can learn best 
through their experiences in the labo¬ 
ratory, similarly teachers aic the best 
persons to point out the virtues and 
vices of the existing teaching methods 
Teaclieis are piovided with a guide 
hook suggesting new methods of teach¬ 
ing along with solutions of the problems 
ihey face during tins teaching. Teacb- 
eis aie a busy community and get little 
time to think over this change The 
project considers that the teaclieis’ 
guide book is more important than the 
students’ textbook. However, the PSSC 
project does not throw any light on 
elementary science, and the age group 
for whom it is intended has not been 
mentioned, The experiments suggested 
in tlie course are sophisticated and ex¬ 
pensive. 

The Nuffield Foundation Project was 
founded by the Science Masters’ Asso¬ 
ciation m the U.K. The courses have 


been tested in moie than 170 schools for 
moie than tlnee yeais. The textbook 
lias no place in the Nuffield project; on 
the othei hand students aie provided 
with question hooks No doubt, a text¬ 
book foi students is less important than a 
teaclieis’ guide, but the need loi a text¬ 
book cannoL be completely obviated 

The Russian project mainly aims at 
the age-gioup 13-18 yeais. It stints 
fiom Class VI and goes up to Class XI. 
The students’ textbook is wntten in a 
lucid way and experiments aie presented 
as part of a consistent course. The ex¬ 
periments prescribed are easy and in¬ 
expensive, Thcie is no piovision foi a 
teachers’ guide. 

The Wyndham project in Anstialia 
was designed to piovide a complete 
science course foi secondaiy school 
students in Austiaba. The project tiicd 
to establish cooidination between all 
branches of science, and the book is 
wiitten in an integiatcd fonn. The 
teaclieis’ manual piovides all necessaiy 
hints along with solutions of problems. 
The book is meant foi all the four years, 
i.e., lor a wide range of age groups, and 
die disadvantage of the book is that it 
supplies all the facts without any ins¬ 
tructions as to how the book is to be 
used. The experiments used in the 
book are very weak and the whole 
course is textbook-based. 

Apart fiom the PSSC, thcie arc otliei 
parallel piojects on in America. The 
Harvard Physics Project is one of them, 
but it is still in the experimental stage 
and sufficient information is not avail¬ 
able, The Applied Physics course in 
New York is meant for students who do 
not proceed beyond the high school 
The project deals with the physics of 
cveiyday hfe, and fiom that point of 
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view it is unique. Similar projects arc 
going on in Europe too, but sufficient 
information about them is not available. 

With the new cunieula, new methods 
of assessment must replace the old sys¬ 
tems of examination. Consequently 
evaluation procedures were, considered 
by most of the groups as part of the. 
cumculum, and all these projects are 
associated with specially designed exa¬ 
mination systems. However, none of 
these attempts have devised a perfect 
solution, though all of them show some 
advance from the oldei pedagogy in 
both content and methodology. 
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The success of a curriculum is mea¬ 
sured by the extent to which it can fulfil 
the needs of the student and satisfy the 
demands of the society in which he 
lives. Reform of science education, 
particularly physics teaching, has theio- 
fme, been the concern of scientists and 
teachers in many count lies'. The edu¬ 
cational planners of today aio tiying to 
educate the younger generation in the 
wider outlook of the modern scientific 
age and are attempting to close the in¬ 
creasing gap between the science and 
technology of today and science peda¬ 
gogy in schools. 


Latest NCERT Releases 


ENGINEERING DRAWING 

A Textbook for Technical Schools 

by K.S. Rangasanu, G.L. Siuha and D.N. Sarbadhikari 


Pp 152 


Illustrated 


Price Rs, 4.40 


This is an introductory book for students in the higher classes of Indian 
secondary schools who offer engineering as an elective subject and for 
the students of specialized technical schools This is also useful in the 
earlier stages of polytechnic diploma courses. The aim of the book is to 
present an overall view of major areas in the subject without entering 
into the specialized details reuired for advanced studies. Its purpose is 
to develop m the students an adequate skill in engineering drawing. The 
text is in simple English and all the technical terms are carefully defined 
in the interest of clarity. 
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The Development of a 
Mathematics 
Curriculum for Indian 

Schools 


J. N. Kapur 


F OR the last one hundred years, the 
development of the mathematics 
cuiriculiun m Indian schools has pro¬ 
ceeded very slowly, For the very minor 
changes that have been made over this 
long period, there was sufficient flexi¬ 
bility built into the system, The 
changes that have to be brought about 
during the next ten years will however 
exceed in order of magnitude the 
changes that occurred in a hundred 
years or more. Foi these revolutionary 
changes, the curricular development 


programmes need vigour, purposeful¬ 
ness, clear thinking and large-scale 
experimentation and would involve a 
laige number of mathematicians and 
administrators at all levels, and huge 
funds. 

In other countries, a gieat deal of 
effort has already been made in this 
direction. In India, it has just begun 
with the setting up of a number of 
study groups in diffeient umveisities. 
Ultimately, lakhs of mpees and thou¬ 
sands of persons are likely to be com¬ 
mitted to this programme. It is there¬ 
fore necessary that we should be clear 
about the objectives of the whole pro¬ 
gramme, understand its implications 
and try to find the best way to achieve 
the goals. In any such effort, spending 
money may be easier than spending 
thought, but the latter is equally 
important. 

One fact emeiges at once. In view 
of the rapid developments in mathe¬ 
matics, science and technology, any 
curriculum can only be a stepping stone 
to a better curriculum, and the sequ¬ 
ence of steadily impioving syllabi is 
likely to be an infinite sequence. 

Components of a Curriculum 

The following are some of the com¬ 
ponents of a complete cumculum in 
any subject: 

1. The formulation of objectives of 
leaching and a philosophy of edu¬ 
cation in that subject for differ¬ 
ent levels of education and for 
different groups of students. 

2. Syllabi consistent with these objec¬ 
tives and detailed synopses for the 
same, 

3. Model textbooks based on these 
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syllabi. 

4. Workbooks and supplementaly ex¬ 
perience lnateiials 

5. Teacher's guides. 

6. Audio-visual aids like charts, 
models, films, etc. 

7. Expci indents for students. 

8. Try-out of the material under con¬ 
trolled conditions in a large num¬ 
ber of schools, using the results as 
a feedback to improve the material 
still further. 

9. Material foi school mathematics 
clubs as extra-curricular aids to 
help curricular development. 

10. Suitable syllabi for teacheis tvho 
aie going to handle the new curri¬ 
cula. 

11. Textbooks for tcaclici-training 
courses 

12. Syllabi foi the in-service training 
of teachers, especially foi icfreshoi 
courses and summer institutes for 
school teachers. 

13. Suitable textbooks foi summei ins¬ 
titutes. 

14. Improved evaluation techniques foi 
assaying the effectiveness of new 
cunicular mateiial. 

15. Means built into the curriculum for 
its constant review and improve¬ 
ment. 

The Present Position in India 

1 Some objectives are stated in some 
of the syllabi, but these weic laid down 
about a hundred years ago. These 
have to be le-exammccl in the light of 
recent developments in mathematics 
and its applications. An integrated 
philosophy of mathematics education 
has yet to emerge. 

2, Eveiy state has a syllabus of its own. 


Though the contents of these syllabi 
are slightly different, the spirit is the 
same. New syllabi have been fiamed 
by (a) the NCERT textbook panel (b) 
the Central Board of Secondary Educa¬ 
tion, Delhi (c) the Council for the 
Indian School Certificate, (d) the 
NCERT’s Science Education Depart¬ 
ment (e) the UNESCO group attached 
to NCERT, but attempts have not 
been made to ielate these to clearly for¬ 
mulated objectives or to prepare detail¬ 
ed synopses for the guidance of text¬ 
book writers. 

3. Few textbooks based on tlic new 
syllabi have been prepared. A numbci 
of new textbooks on algebra have been 
produced to meet the requirements of 
the new syllabus of the Delhi board, 
The mathematics editorial boaid of 
NCERT is likely to produce three oi 
fom books dining the next four oi five 
months. The NCERT has also pioduc- 
ed a book for Class VI. 

4. Only a veiy lew supplementaiy 
workbooks are available. 

5. No teachers’ guides are available 
Individual teacheis aie left completely 
to their own resources. They do not 
lead even the textbooks, which they use 
meiely to make collections of pioblems 
Teachers know some standard tech¬ 
niques for solving standaid types of 
problems and repeal these year aftei 
year with then- students. The concepts 
aie never emphasized. 

6. There aie no charts, models or films 
for illustrating mathematical concepts. 
This is not surprising, since for ‘drill’, 
audio-visual aids are not necessaiy. 
Such aids aie hmvevei very urgently 
needed for the improvement of school 
mathematics. The present author is 
trying to develop such aids. 
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7. Nomially we associate experiments 
with laboratory sciences like physics, 
chemistry, biology, etc. In mathematics 
also theie should be experiments; these 
experiments will be with numbers, with 
shapes in geometiy and with other phy¬ 
sical objects having numbci characte¬ 
ristics. Tlicie aie enough mathematical 
laws to be veiified in the laboratory of 
arithmetic and geometiy, of the same 
type as physical and chemical laws 
which are verified in physics and che- 
mishy laboiatories. In fact, quite a 
number of these laws can be discoveied 
by the cliildicn themselves. Very little 
work has been done in this direction, 
The author is hying to develop such 
experiments for school children 

8. So fai theie has been almost no 
'experimentation' with new ideas in 
Indian schools The UNESCO project 
has been concerned with trying out new 
material with Class VI of some Delhi 
schools. The author has himself tried 
out some new ideas with Class IV child¬ 
ren at IIT Campus School, Kanpur. In 
otlici countries hundreds of schools and 
thousands of children have participated 
in tiying out newly developed cuiri- 
culum maleiials. 

9. Mathematics clubs practically do 
not exist in Indian schools. One 
school in Madras has a Number 
Club and lias been holding exhi¬ 
bitions every year. But this is an 
exception. In the U.S.S.R., schools are 
veiy active and series like 'Popular 
lectuies in mathematics’ and tlie 
'Libiaiy of mathematics circles’ have 
been published. Mathematicians like 
Yaglom, Uspenky, Bollyanks and others 
have participated in writing these books. 
In the U.S.A., we have the New Mathe¬ 
matics Library. 


10. Theie aie no books for teachers of 
mathematics, on any new programme. 
11 There exist books on the tech¬ 
niques of teaching, but none for 
teacliei-tiainees. 

12. A laige number of summei insti¬ 
tutes foi secondaiy school teachers 
have been held all over the country. 
It is desirable that a gieat deal of 
thought is given to the preparation of a 
syllabus for them. 

13. In the summer institutes mostly 
SMSG books have been used. There 
are few Indian books available, and 
these few have not been used. 

14. The NCERT lias done a good deal 
of work m developing tests for the old 
cuniculum. The same oi even greater 
effort will have to be put in for deve¬ 
loping tests for new cuiricula. 

15. We have boards of study which 
peiiodically levise syllabi, but very 
often these boaids consist of senior per¬ 
sons who are averse to any change 
whatever. 

The Need to Formulate Objectives of 
Teaching Mathematics 

It is very often presumed that theie 
is no need to give any thought to this 
problem since, (i) it will not serve any 
purpose except to produce high 
sounding phrases; (ii) we already know 
enough about these objectives, and 
after all they should not have changed 
dining the last hundred years. 

Theie are, however, serious leasons 
why these presumptions are umealistic 
and why a study of this subject may be 
rewarding. These are; 

1. Theie is not as much public sup¬ 
port for the study of mathematics 
in India as there is in countiies 
like the U.S.A., U.K., France, 
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U S.S.R., Ilungmy, etc. In Iiuha 
the laboiatoiy sciences and techno¬ 
logy possess greater glamour, 
mathematics is not attracting the 
best students in the country. All 
this lequnes a thorough probe and 
one ot the means for this can he 
the study of the philosophy of 
mathematics education. 

2. The scientists and the engineers 
support the study of mathematics 
as they need it as a tool. The 
majority of the population however 
feel that all that an average 
educated poison needs is simple 
an thine tic and they see no reason 
why every child should he taught 
algebra, gcometiy, cooul nalc gco- 
metiy 01 calculus. Even if foity 
oi fifty thousand children aie going 
to need all this in laloi life, why 
should we buiden the remaining 
five ciore of chilchen with this 
stuff? To answer these questions 
effectively, a cleai formulation of 
the objectives of teaching mathe¬ 
matics is necessary. 

3 Mathematics has enjoyed a ‘privi¬ 
leged’ or ‘sheltered’ position in 
the school cuniculum. Theie is 
great picssuie to include moie 
physical sciences, more biological 
sciences, moie social sciences and 
moie languages. Clarity about 
objectives is nccessaiy to justify 
the lime allotted at pic,sent to 
mathematics in the school cunicu¬ 
lum and, if it is considered ncces¬ 
saiy, to ask foi moie time, 

4. The, very need foi cmricular 
changes can be justified only in 
terms of objectives of teaching. 

5. The quantity of mathematics has 
exploded at an exponential rate. It 


is not possible to suivey a signifi¬ 
cant pait of this in the school cui- 
ncuhnn. The courage to discard 
is nccessaiy, and a propei selection 
oi the material to be tauglit is 
absolutely nccessaiy. Tins selec¬ 
tion depends upon tlie objectives 
hud down. 

6‘. Mathematics is not only a ‘pro¬ 
duct’, it is a process also. It is not 
only a ‘knowledge’, it is also an 
activity. Its ‘static’ p.ut is impoi- 
tant, its ‘dynamic’ pm t is equally 
vital, Not only aie mathematical 
facts to be taught, but the 
method of ailiving at these facts is 
also to be communicated. All this 
requuos iethinking ovei the goals 
of mathematics education. 

7. The mathematics cuniculum lias to 
be designed for foiu broad classes 
of persons: (a) those who aie going 
ultimately to become piofcssional 
creative mathematicians (b) those 
who arc latei going to use mathe¬ 
matics as a tool (cngincas, physi¬ 
cists, economists, induslnal mathe¬ 
maticians, compulei scientists, etc, 
(c) those who aie going to become 
teaehcis of mathematics (d) the 
average citizen who needs it for his 
daily business, foi its intellectual 
and cultural value, and for its help 
in un del standing the discoveries 
made m the various sciences. We 
have to investigate, whether the 
goals foi all these aie the same. A 
discussion of the objectives will 
clarify whether the goals foi all 
ihese gioups can be met by the 
same cuniculum or whether some 
differences in the curriculum are 
necessary. 

S. Duung the last twenty or thirty 
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years, a gieat deal of rescaich has 
been done in the psychology of 
learning. All this has to be care¬ 
fully incoipointed in a mathematics 
curriculum. The goals must incor¬ 
porate as much as possrblc of this 
knowledge, at least as an ideal 

9. We have to distinguish clearly be¬ 
tween goals which can be realized 
immediately and those which can 
be realized ultimately under a cer¬ 
tain set of ideal conditions. There 
has to be a caieful blending of 
idealism and leahsm. The objec¬ 
tives of the curriculum should lay 
down the ideals, the cuniculum 
should appioach them in a phased 
pi ogramme. 

10. The need for integrating the teach¬ 
ing of mathematics with teach'ng 
in other disciplines like physics, 
chemistry, etc., also emphasizes the 
need for the study of objectives 

11. Greatei integration between vari¬ 
ous branches of mathematics like 
algebra, geometry, arithmetic, etc. 
is needed. 

12 The need to unify concepts for 
simplifying the teaching of mathe¬ 
matics itself stresses the need for 
thinking about objectives and cur¬ 
riculum. 

13. The present curnculum has aiisen 
simply by growth, by a process 
which has been described as being 
analogous to the geological ac¬ 
cumulation of one layer piling up 
on top of the other with something 
getting squeezed out evciy now 
and then It should be possible to 
vastly improve this state by delibe¬ 
rate, purposeful thinking. 


14. The numbci of applications of 
mathematics is growing so fast that 
it is haidly possible to extiapolate 
ten oi twelve years in advance, but 
this is the period aftei which the 
clnldien may be asked to apply 
mathematics This shows the neces¬ 
sity of giving training in the spirit 
of mathematics rather than in 
specialized techniques We have to 
decide on the type of cuiricuhim 
that will seive this purpose. 

15. The new cunicula have to place 
more emphasis on thinking and less 
on memory How this can be 
achieved iequires a gieat deal of 
thinking. 

Some Objectives of Mathematics 
Teaching 

The NCERT publication Position of 
Mathematics in India lists the following 
objectives as occiuing in Indian syllabi; 

(a) Elementary level 

Ability to perform necessaiy compu¬ 
tations; aceuiaiy, piecision, speed, neat¬ 
ness, etc., ability to lepiesenl verbal 
statements by diagiams and symbols; 
ability for logical thinking; ability to 
estimate measurements and to conceive 
approximations to answers; ability to 
solve common pioblems l elated to 
the home and social life; ability to deve¬ 
lop interest in some vocation, 

(b) Secondary level 

To develop an understanding of those 
mathematical concepts, facts, terms, 
procedures, symbols, relationships and 
principles which are needed to solve 
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everyday problems, to develop such 
qualities as: (a) woiking with speed, 
precision, accuiacy and neatness; 

(b) estimation and approximation; 

(c) capacity to apply mathematics to 
simple concrete situations, 

The UNESCO project lists the follow¬ 
ing objectives: 

(a) Middle leml 

To enable the pupils to understand 
and use mathematical concepts, princi¬ 
ples, processes, skills in their day to day 
activities; to meet the vocational needs 
of die pupils; to develop in the pupils a 
scientific outlook; to prepare the pupils 
for die secondary stage; to enable 
pupils to leam other sciences meaning¬ 
fully and thoroughly; to initiate the 
pupils into modem developments in 
mathematics. 

(b) Secondary level 

To make the pupils learn the modern 
developments in mathematics; to pre¬ 
pare the pupils for advanced study of 
science and technology, to develop the 
powers of logical thinking, abstract 
thinking and generalization, to acquaint 
the pupils with a systematized know¬ 
ledge of methematics; to enable die 
pupils to acquire techniques of problem 
solving; to develop in them an attitude 
of investigation and critical analysis. 

Goals of School Mathematics and 

Nature of Mathematics 

An objective of teaching mathematics 
should be to make clear the nature of 
mathematics itself. This concept can 
run like a unifying thread throughout 
the whole cuinculum. The nature of 


mathematics is reflected in the follow¬ 
ing characteristics. 0 

1. Mathematics is a Dynamic Intellec¬ 
tual Entcipiisc 

The cuinculum should icflecl the 
dynamism of mathematics. It should 
show mathematics as an exponentially 
glowing subject, One, way can be to 
include some topics developed in the 
twentieth century, prcfeiably after 1940 
or 1950, in the school curriculum, e.g., 
some results m number theory, lineai 
programming, inventoiy themy, re¬ 
placement, some combinatorial pro¬ 
blems, etc., which can he included in 
the school programme. The object is 
to make the student feel that mathe¬ 
matics is not static and that it is possi¬ 
ble for him to understand a result 
established veiy recently and that he 
can also contribute to the onward 
march of mathematics, (The present 
author is making a collection of the re¬ 
sults proved after 1900 which can be 
included in the school cuiriculum. He 
would be glad to receive suggestions 
for the same) The present curriculum 
does not include anything done during 
lire last two hundred years and this 
can be hardly exciting to children in 
the modern age. In physics, chemistry 
and biology, they lead of recent dis¬ 
coveries; they should do the same m 
mathematics 

Secondly, mathematics is primarily 
an intellectual subject. It should not 
be presented as a collection of rules 
which have to be applied mechanically 

* For a detailed discussion of these, see 
J N. Kapur, The Nature of Applied 
Mathematics , (Agra University Extension 
Lectures) ot the book The Nature of Mathema¬ 
tics by the same author, which is to he pub¬ 
lished shortly 
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to a laige number of examples. The 
whole curriculum should be built round 
interesting and intellectually challeng¬ 
ing problems. It should lead on to 
intellectual awakening iathei than to a 
dulling of the intellect. Mathematics is 
also an enterpnse. The student should 
teel all along that he is engaged m 
an intellectual adventure. He is not a 
passive verifier of lesults, rather he 
should be encouraged to engage him¬ 
self in a voyage of discovery. The 
‘process’ in mathematics should be even 
more important than the ‘product’. The 
products are used to illustrate the pio- 
cess, the process is used to obtain 
pioducts. 

2. Mathematics is Logical 

Logic is the essence of mathematics. 
Mathematics diaws necessary conclu¬ 
sions from explicitly stated assumptions. 
The student must study a number of 
axiomatic systems. They may not be 
deep, but they must be logically col¬ 
lect. He must understand the naluie 
of proof. For this purpose, local axio- 
matization may be piefened to global 
axiomatization. After a good mathema¬ 
tical training, the student must be able 
to detect faulty deductive reasoning, 
and diffeientiate between definitions, 
axioms and postulates and validly 
drawn theorems deduced from axioms. 
He must develop the analytical faculty 
to break up problems into ‘what is 
given’, ‘what has to be proved’ and ‘the 
steps of proof’. 

3 Mathematics is a Study of Sets with 
Structures 

The basic concepts of sets and struc¬ 
tures (algebraic, order and topological) 
have been unifying concepts in mathe¬ 


matics. At the school stage, mostly 
algebraic and order structures are 
studied. The student must be clear 
about these structuies for natuial num¬ 
bers, for integers, for rational numbers, 
for real numbers and for complex num¬ 
bers. He must be able to see a close 
relationship between algebra and geo¬ 
metry. Inequalities must play an im¬ 
portant part in this study. The student 
must feel at eveiy stage that lie is not 
studying isolated facts, but properties 
of mathematical stiuctmes. 

4. Mathematics is a Study of Patterns 
in Number and Space 
The student must develop a sense for 
noticing patterns when he comes across 
these. These may be in the various 
laws of number systems or in sequences 
and senes or geometrical figures. He 
must be able to perceive designs and 
symmetries when he sees them. Num¬ 
ber and space intuitions have to be 
stiongly built. A student must be able 
to exploit symmetries in number and 
geometrical patterns. 

5 Mathematics Veals with General 
Structures 

The intuition must he developed 
strongly. By looking caiefully at a 
numbei of particular structuies, the 
student should be able to perceive a 
geneial structuie. He must also see 
the necessity of proving the validity of 
the general principles by appealing to 
principles like the principle of induc¬ 
tion or the deeper principles of logic. 
In every case he must see the genera¬ 
lity of the lesults of algebra and geo¬ 
metry. He must see that every theo- 
lem can have an infinite number of 
particular illustrations and, further, that 
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no amount ol experimental verification 
can prove the theorems, He must lea- 
lize that the ceitainty of scientific ic- 
sults depends to a gieal extent on the 
use of the mathematical method. 

6. Mathematics Deals with Abstract 

SU uctiucs 

Absti action is essential in mathema¬ 
tics, The school curriculum, however, 
must ho motivated by very concrete 
situations and theic must be plenty of 
concrete examples of every mathemati¬ 
cal system But the goal of abstraction 
must not be given up, A feeling foi 
abstraction must be developed, though 
this should not he oveidone. At least, 
no abstraction should be intiodueed un¬ 
less it is ensuied that the children can 
sec its point. 

7. Mathematics Deals with Precise and 

Elegant Structures 

Elegance is an elusive term, but the 
student must at the end of the school 
piogiamme be able to distinguish bet¬ 
ween elegant and inelegant mathema¬ 
tics. He must also be able to make 
piecise statements and to delect loose 
statements. 

8. Mathematics Deals with Deep 

Sti uctures 

Although in a school we cannot study 
the subject in great depth, the student 
should feel that in dealing with succes¬ 
sive number systems, he is going to in¬ 
creasingly deeper stiucluies, and he 
must be inspired with the desne to 
study deep structures 

Mathematics Education and 
Applications of Mathematics 

A large number of students at the 
school level aie interested in becoming 


engineers, chemists, physicists, econo¬ 
mists, psychologists, lawyers, business 
men, and so on Mathematics education 
must meet their needs The following 
applications of mathematics can be 
developed in the school euiiiculum. 

a. Elementaly applications of arith¬ 
metic in measurement of lengths, 
weights, time, woik, etc., and in ship¬ 
ping, banking, insurance, taxes, national 
planning, national projects, wclfaie 
schemes, etc. All these applications 
have to be gieatly emphasized at the 
elementary level and the problems have 
to be i elated to the children’s experi¬ 
ence. There may howcvei be otliei 
pioblems which serve a social puipose 
i.c,, which give the children knowledge 
about, and a sense of piidc in, the 
national achievements in vaiious fields. 
All pioblems should however be realis¬ 
tic and should give a eonect picluic of 
the state, ol things, 

b. Making simple algebuuc models 
of physical situations and then solving 
them. These may involve not only 
classical pioblems, but also problems 
iiom fields like mventoiy, 01 replace¬ 
ment, and economic and psychological 
models and so on. 

c. Applications of probability and 
statistics. These show the student the 
possibility of applying mathematics to 
education, medicine, agricultuie, phy¬ 
sics, cliemisLiy, economics, etc. Ilcie 
examples should be, diawn from as 
many difleienl fields as possible An- 
othci advantage of this coin so would 
lie that it can give the student some ex¬ 
perience of inductive inference, The 
course may or may not go up to this 
level, but if it does, it should not be 
difficult to constiuct elementary exam¬ 
ples for the students, 



THE DEVELOPMENT OP A MATHEMATICS CURRICULUM 


205 


cl, Anothei application which has be¬ 
come impoitant in school mathematics 
is linear programming. A knowledge 
of lineai inequalities and their giaphs 
can be used to solve graphically two- 
dimensional linear-pi ogrammmg pro¬ 
blems. It may liowcvci be difficult to 
do the simplex method at school, but 
the teaeheis at least should know it 
well. 

c. Another field of application which 
has been tried at an advanced level in 
schools is that of computei program¬ 
ming. In India, computeis arc fast be¬ 
coming popular and some elementary 
concepts of approximation and pro- 
giamming aie within the reach of oui 
students. As a fiist stage, the use of 
Lhc slide rule and concepts of oidcis of 
magnitude can be popularized at the 
high school level. 

f Giaph theoiy and its applications 
can also be taught, the concepts aie 
simple and the applications aie wide¬ 
spread. 

II we can do an effective job of im¬ 
proving our curricula, 100 m can be 
found for these and other applications. 

Theie is general agiecmcnt that some 
applications should be taught in school 
There may be differences as to how 
many of these should be tauglit, and by 
what method One method which is 
generally accepted is that these appli¬ 
cations should be spieacl throughout the 
course and students should do each one 
as soon as possible. Anothei view is 
that these applications can be grouped 
togetlrei in one com sc which can be 
taught like algobia or geometry Such 
a course may consist of selections from 
the following topics: 

Laws of supply and demand (from 
economics), linear programming, sets 


and logic, Boolean algebra and elec¬ 
trical circuits, elements of probability, 
elements of statistics, gi aph theoiy 
and its applications, etc, 

Modernization and Indianisation of the 
Mathematics Curriculum 

There is a gieat deal of talk about 
introducing modem mathematics’ 01 
the ‘new mathematics' in our new 
school curiiculuin on the same lines oil 
which it has been introduced in 
western countnes The mathematics 
intioduced there is modern or new only 
in the sense that it is new to the 
schools. The modernization consists 
m the discovery that some of the con¬ 
cepts which weie being taught at col¬ 
lege level can be taught at school level 
also. Of couise. the methods of pre¬ 
sentation have to be diffeient and a 
gxcat deal of research and experimenta¬ 
tion has to be undertaken to find the 
appropriate methods and levels of pre¬ 
sentation We may also seriously con¬ 
sider another type of genuine moderni¬ 
zation: we should undertake leasearch 
to find out whether some lesults in 
mathematics obtained after 1940 or 1950 
can be intioduced in schools. In fact, 
even the new presentation of subjects 
like geometry has led to intense think¬ 
ing and has given us lesults which weie 
not known in the nineteenth century. 

Another aspect we can considei is 
the Indianisation of the curriculum 
Quite a numbei of Soviet books in 
school mathematics start by glorifying 
the achievements of Russian mathema¬ 
ticians. This practice has been respon¬ 
sible in some measure foi the gi eater 
interest being taken in mathematics in 
Soviet schools. We can follow the same 
practice, not in a nairow chauvinistic 
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sense, but with the object of inspiring 
our students to greater creative efforts 
in madicmatics. This can be achieved 
in a number of ways: 

1. We may emphasize the import¬ 
ance of zero and the place value system. 
All over the world, these arc being 
emphasized in the interest of mathema¬ 
tics itself. We can highlight these 
achievements of ancient Indian mathe¬ 
maticians even more. By working in 
the Roman or Greek system of numera¬ 
tion the chddren will easily realize 
that the achievements of the ancient 
Hindus have been fundamental to 
modem civilization. 

2. We can include in our regular 
courses a number of problems by Jain 
munis, Bhaskaracharya, Brahmagupta 
and others. 

3. We may include a brief account 
of ancient India’s contribution to mathe¬ 
matics, as a part of the course. 

4. We may include the contribution 
of contemporary Indian mathematicians 
in the school curriculum. 

5. We may encourage the schools to 
celebrate the birthdays of Indian mathe¬ 
maticians of modem times like Rama- 
nujam, Ganesh Prasad, Pillai, Vijaya 
Raghavan, Vaidyanathswamy and of 
some of the living Indian mathemati¬ 
cians. We may supply their portraits 
with brief biographical sketches for use 
m schools, Some of these can be 
included in textbooks also. 

6. We may expose students to some 
of the more active research workers so 
that they feel that research in mathe¬ 
matics is being done in India. 

7. We may follow the Russian pat¬ 
tern in starting every textbook in 
school mathematics with a preface 
highlighting the contribution of ancient 


and modern Indian mathematicians. 

Development of Audio-visual Aids 

As lias been said earlier, mathematics 
is taught in too abstract a fashion in 
our schools. To make the piesentation 
moic concrete and interesting, imme¬ 
diate attention is to be given to the 
development of audio-visual aids, like 
Ihc following: 

1. Charts. Standard sets of cliaits 
illustrating the basic mathematical con¬ 
cepts have to be developed for all 
classes. Those interested in the deve¬ 
lopment of the school curriculum may 
undertake to design model charts for 
this purpose. 

2. Models. For the first three classes, 
standard kits of toys may be made. 
Ins Lead of imagining that 3 horses and 
2 horses make 5 horses, tlie child 
should not only use symbols on paper, 
but he should handle physical objects. 
At present the teachers have to make 
ad hoc models. Generally, because of 
their inertia, few models are shown in 
the clusses. It will therefore be desir¬ 
able to have standaidized kits for this 
purpose. 

3. Films. The Indian Mathematical 
Society, the NCERT and the Films 
Division of the Government of India 
can cooperate to produce films. Mathe¬ 
maticians can write the scripts for these 
films. 

Development of Experiments on School 
Mathematics 

In physics, chemistry and biology, 
students perform experiments with 
their own hands and this increases their 
interest in these subjects. If similar 
experiments can be developed for 
mathematics, it will help to create 
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enthusiasm for the subject. Some 
model experiments are listed below; 

1, Experiments in arithmetic, e.g, 
discovering number patterns, reversed 
subtraction process, reversed additroir 
process, the sieve of Erosthenes, etc. 

2, Experiments m geometry, eg., 
verifying most of the theorems in geo¬ 
metry, construction of regular solids, 
etc. 

3, Experiments m topology, e.g,, cut¬ 
ting Mobius strips, soap bubbles, etc. 

A complete set of experiments for 
each school class can be easily pre¬ 
pared 

The Role of the Study Gioups 

The study groups formed by the 
National Councrl of Educational Re¬ 
search and Trarning can do the follow¬ 
ing: 

1. Consider the objectives of teach¬ 
ing mathematics for different 
groups at different levels. 

2. Prepare model syllabi for all 
classes, keeping in mind the 
present conditions. They can 
also try to study the goals to be 
aimed at in the next few years. 

3. Study the contents of the present 


topics to be retained in detail, 
and discuss the best way of pre¬ 
senting these, keeping in mind 
the modem concepts of struc¬ 
tures and sets, 

4. Decide on the new topics to be 
included and piepare detailed 
synopses for each of these. The 
synopses should include a study 
of motivation, audo-visual aids, 
sample lessons, typical exeicises, 
examination papers, etc. 

5. Integrate all the topics, old and 
new, in a unified structure. 

6. Try out the new ideas m selected 
schools and improve the new 
materials with the help of the 
feedback received. 

7. Prepare charts and models, and 
scripts for possible films. 

8. Make a comparative study of 
foreign mathematics education 
piojccis and draw from them 
lessons which may be useful to 
India. 

9. Develop sets of experiments in 
mathematics for schools. 

10. Consider the preparation of 
teachers for teaching the new 
curriculum effectively. 



Lavoisier and Some 
Recent Work on 
Energy Release for 
Industry and 
Agriculture 

N, R. Diiak 


T HE discovery of the neutron fission 
of uranium to baiium and othei 
elements in 1939 by Prof. Otto Hahn, 
with liberation of tiemendous eneigy 
according to the Einstein equation: E*= 
Me 2 , where E=eneigy, M—mass de¬ 
composed, and c=tlie velocity of light, 
has led to fabulous activity and expendi¬ 
ture all over the world for obtaining 
atomic energy for the nse of man. Rut 
uranium occurs on the earth's suifaco 
only to the extent of 4 gm pei ton of the 
earth’s crust; thorium, another fission¬ 
able element, is only three times more 
abundant. Moreover, only 0,7 per cent 


of uranium (U„ ai .) is actually utilized in 
energy production. And although 12 new 
trans-ruanium elements have been syn¬ 
thesized in the last 26 yeais, the con¬ 
sensus of expert opinion seems to be 
that even on the basis of the most 
optimistic assumption about the future 
late of liueleai development, until 1975 
the contribution of atomic powei to 
growing energy demands will be margi¬ 
nal. (The Petroleum Handbook, 4tlr edi¬ 
tion, Shell International Pclioleum Co, 
Ltd, London, 1959, p 20). Hence, the 
world energy requirement for man and 
his industries is being met and is likely 
to be met in the future by the oxida¬ 
tion of wood, coal, petrol, natrnal gas, 
diesel oil, lignite, peat, ole.—products of 
photosynthesis by absorption of solar 
light 

We have, therefore to thank Lavoisier 
icn supplying us the clue for obtaining 
our eneigy supply fioni oxidation of 
organic matter, 

More recently, Dlrar and co-woikcrs 
have pioved that all materials piodnced 
by photosynthesis and those deiived 
from them can be incorporated in the 
soil for fixation of atmospheiic nitrogen 
and impiovement of land fertility by 
theii slow oxidation in air on the soil 
smfacc. Wc shall however discuss this 
later Fiist let us consider Lavoisier’s 
life, careei and achievements 

Brilliant Career in the Service of Science 

Lavoisier was an eminent scientist 
and a clever thinker with a broad educa¬ 
tion and culture. lie rendered im¬ 
mense service to Eionoli science, agii- 
cultme and economics by bis discoveries, 
As far as the progiess of the present 
civilization is concerned, it is difficult to 
point out a scientist who has rendeied 
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gieatci service to man than Lavoisiei. 
This is because of LavoisieTs classical 
chscoveiy that energy release takes place 
hom the combination of the oxygen 
present in the aii with organic matenals 
cieatcd by the plants which absorb solai 
light lor photosynthesis. Lavoisier’s 
work was highly quantitative and practi¬ 
cal in natme. He set apart a piece of 
land on his estate at Vendome neai 
Blois foi agncultmal experiments In 
1771, he even studied the water supply 
of Paris 

Antonie Lament Lavoisier was born 
in 1743 at Paris wheic his father was a 
leading bainstei. Antoine’s mothei, a 
rich woman, died when he was a child, 
and he was brought up with gieal caie 
and affection by Ins aunt, who remain¬ 
ed single to devote herself to her task, 

Lavoisier was deeply interested m 
science from his very boyhood. He was 
trained in chemistry by G. F. Rouelle 
(1703-1770) at the Jardm du Roi, in 
mathematics and astronomy by La 
Caillc, in botany by Jussieu, in geology 
and natmal history by Guettard, Thus 
he had a bioad and sound education 
in the different blanches of science. The 
French Academy of Sciences offered 
him a Gold Medal in 1786 for his essay 
on the best method of stieet illumina¬ 
tion. In 1775, he was appointed a mem¬ 
ber of the Gunpowdei Committee by 
the French Government. The French 
gunpowdei used during the American 
Revolution from 1775 onward to over¬ 
throw the British rule was piepaied by 
Lavoisiei and was much superior to the 
British variety In 1780, Lavoisier was 
recognized as having contributed to the 
triumphs of Fiance and its army, He 
became a member of the Commission 


foi the Introduction of the Metiic Sys¬ 
tem in 1790, and m the following year 
he was appointed Commissionei to the 
Treasuiy. During this penod he pie- 
sented a Repoit on Richesse Territonale 
du Royaume de Fiance (The Teiri- 
torial Richness of the Kingdom of 
Fiance.) He was a gieat pathfinder. 

Overthrow of the Phlogiston Theory: 
Law of Conservation of Mass 

In his lemaikable paper on ‘The 
Natme of the Principle That Combines 
with Metals during Their Calcination 
and Increases Theii Weight’ (m 1775) 
he had announced that this principle 
is simply “the purest and the most 
salubrious part of the air, so that 
if the aii which has been fixed in a 
metallic combination again becomes 
free, it icappears m a condition in 
which it is eminently respirable and 
better adapted than the air of the atmo¬ 
sphere to suppoit jnflamation and the 
combustion of substances”. This was 
the death blow to the Phlogiston Theory. 

The fundamental basis of Lavoisici’s 
new chemical philosophy is contained 
in the following statement: 

We may lay it down as an incontest¬ 
able axiom, that m all the operations 
of art and nature nothing is created, 
an equal quantity of matter exists 
both before and after the experiment, 
the quality and quantity of the ele¬ 
ments remain precisely the same, 
and nothing takes places beyond the 
changes and modifications in the 
combinations of these elements Upon 
this principle, the whole art of per¬ 
forming chemical experiments 
depends, we must always suppose an 
exact equality between the elements 
of the body examined and those of 
the products of its analysis. 

Regarding the Phlogiston Theory, 
Lavoisier recoided in 1783 as follows: 
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Chemists have made of phlogiston a 
vague pnnciple which is not rigo¬ 
rously defined and which consequent¬ 
ly can be adapted to explain every¬ 
thing for which it is required, Some¬ 
times this principle is heavy, some¬ 
times it is not; sometimes it is fiee 
fire, sometimes it is fire combined 
with an earthly element; sometimes 
it passes through the poies of vessels, 
sometimes they are impenetrable to 
it; it explains at the same time caus¬ 
ticity and non-causticity, transpa¬ 
rency and opacity, colour and the 
absence of colour. It is a ventable 
Proteus that changes its form every 
moment 

Physiology and the Science of Nutrition 

Even moie important and staking 
were Lavoisiei’s experiments on ani¬ 
mal nutrition, for it was he who by 
exact scientific methods first established 
the identity of the processes of combus¬ 
tion and respiration, 

The fust step in demonstrating tire 
identity of the processes of combustion 
and respiration was Lavoisier’s proof 
that the gas-sylbestre of Van ITclmonl 
and the ‘fixed air’ of Black was a com¬ 
pound of oxygen and caibon to which, 
because of its acidic character, he gave 
the new name of carbonic acid, Since 
carbonic acid was a product of respira¬ 
tion, as well as of combustion, the next 
step in the aigument was the natural in¬ 
ference that breathing was essentially a 
process of combustion in which the oxy¬ 
gen of the aii united with the carbona¬ 
ceous matter of the blood. 

The modern area of nutrition was 
opened by Lavoisier in 1780, He was 
the first to apply the balance and the 
thermometer to the investigation of the 
phenomena of life, and declared: “La 
vie esi une fonction chimique.” The 
work being done in nutrition today is 


but the continuation of that done nroie 
than a centmy ago, Lavoisier and Lap¬ 
lace made experiments on animal heat 
and lespiiation. Liebig (1803-1873) 
was a pupil of Gay Lussac in Paris in 
1822 and Gay Lussac (1778-1850) was 
associated with Baum Bcrthollet (1748- 
1822), who was a liiend and supporter 
of Lavoisier. Thus, Liebig became 
acquainted with then work. Liebig’s 
conception of the process of nutrition 
fired the genius of his countiyman, Carl 
von Voit, to undertake the painstaking 
leseaiches which laid the foundation of 
his Munich school. These have been 
i uprated and extended by his pupils, 
notably by llubnei, and others the woild 
over. Thus, the knowledge transmitted 
personally Bom master to pupil, to be 
in turn extended and elaboialed, had 
its seed in the intellect of Lavoisier, It 
was he who first discovered the true im¬ 
pel Lance of oxygen gas, to ivhicli he 
gave its present name. lie declared that 
the life pioccsses weie processes of 
oxidation, with the lesulling evolution 
of heat, It was lie who fiist made res¬ 
piration experiments on man, flic lesults 
of which were lniefly desciibed in a 
letter to M. Ten ay, wiitten from Pans 
in November 1790. There is no existing 
record of the apparatus with which 
Lavoisier obtained those important le¬ 
sults, which aie in strict accordance 
with the knowledge of our day. We 
today know more details, but tlie 
fundamental fact that the quantity of 
oxygen absorbed and of caibon dioxide 
excreted depends principally on (i) 
food, (ii) work, and (iii) temperature, 
was established by Lavoisiei within a 
few years of his discovery that oxygen 
supports combustion. Writing in 1849, 
Regnault and Reiset say. “Les recher- 
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dies modemes ant confirmc ces cues 
profondes da le ‘illustre savant’” 

Quantitative Analysis of Organic 

Substances 

Although Lavoisier had established the 
fundamental principles of combusLion 
and oiganic analysis, by which carbon 
is determined as caibon dioxide and 
hydrogen as water, his analysis of sugai, 
alcohol and acetic acid aie inaccurate 
because he had not developed the ait 
fully. His detcnninations of carbon are 
much too low and those of oxygen too 
high, as is seen from the following 
tabic. 


ances of Fiance. Also, Lavoisier was 
the heart and soul of the French Aca¬ 
demy of Sciences, which was set up by 
the French king, Louis XIV, and began 
its woik in 1666 Moicover, Louis XIV 
had bcfiiended Lavoisier on many occa¬ 
sions. 

Lavoisier’s Support for the French Aca¬ 
demy of Sciences 

Many of the difficulties faced by 
Lavoisier weie due to the attitude of 
the levolutionary Convention towaids 
the Academy of Sciences. Along with 
other monarchical institutions of the 
time, the Academy was suspected of 


TABLE 


Actual percentages Percentages found by Lavoisier 

Caibon Hydrogen Oxygen Carbon Hydrogen Oxygen 


Sugai (C fl Hi 2 0(j) 

40,0 

6.7 

53 3 

28 0 

8.0 

64 0 

Alcohol (CaHjOH) 

52 2 

13 0 

34 8 

29.0 

16 6 

54.4 

Acetic acid (C 2 H i0 2 ) 

40.0 

6 7 

53.3 

25.0 

6.3 

68.7 


Howevei Lavoisier indicated the col¬ 
lect method of organic analysis which 
Liebig impiovcd, Wurtz declared m 
1868 that chemistry was a French 
science founded by Lavoisier of immor¬ 
tal memory. 

His Execution 

During the Fiench Revolution, a large 
number of aristocrats as well as men 
holding impoitant xiositions in the gov¬ 
ernment weie put to death by the levo- 
lutionaiies. Among those executed 
were twenty-eight Fermier Generaux, 
that is, tax collectors. Lavoisier, who 
was a Feimier General, was also sent to 
the guillotine 

The chief cause which led to the 
tragic end of Lavoisier was the great 
hatred of the common Frenchman of 
that time for the Fermiers Generaux, 
who weie rich and mismanaged the fln- 


incivism and its destruction was alieady 
being arranged. Lavoisier, who had be¬ 
come the Tieasurer of the. Academy, 
now found himself confronted with new 
troubles. The salaries of the Academi¬ 
cians, many of whom weie old and in 
straitened circumstances, weie m ar- 
reais Lavoisier advanced money from 
liis private purse in ceitain of the more 
urgent cases. However, the Academy 
continued to hold its meetings as usual 
until the spring of 1792, when it was 
suspended. 

At that tune Lavoisier had taken le- 
fuge in the arsenal where he had a 
laboratory built at his own expense. 
But later lie gave himself up to the 
revolutionaries. Fie was tried by a jury 
and was found guilty of conspiring 
with the enemies of Fiance. A couiage- 
ous friend and a citizen, Flalle, read a 
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detailed account of the discoveries of 
Lavoisiei and his sei vices to France be¬ 
fore the Revolutionary Tiibunal, but the 
piesiding officer, Colfinhal, when asked 
to spare a man of science, said: “La 
Republic n’a pas hesoin das savant 
(The Republic has no need of savants.) 
Lavoisiei was condemned to death and 
was guillotined on 8 May 1794. 

As Lavosiei had rendeied eminent 
seiviccs to Fiance and he was besides 
a vciy lomaikable man in the history 
of science, this crime profoundly shock¬ 
ed the intellectual world. Eveiy scienti¬ 
fic body in Europe expiessed its seiisc of 
shame and sonow After the fall of 
Robespiene, this soirow was felt all 
ovei Fiance, too. On 22 October 1795, 
Lalande pronounced an eloge (eulogy) 
on Lavoisiei bcfoic the Lyceum of Aits. 
Other solemn funcial ceiemonies were 
also held m Lavoisiei’s honoui. 

Lavoisier was a man of peifect method 
and he presetved all his manuscripts 
Aftei his death, they weie religiously 
guaided by Madame Lavoisier, fiom 
whom they passed to hei niece, Madame 
Leon de Chazelles, Lavoisiei’s furniture, 
laboratory equipment, books and most 
of his papeis, which had been confisca¬ 
ted, were returned to Madame Lavoisier 
in 1796. She died childless. She had 
considerably helped her husband by 
illustiating books and translating Ger¬ 
man and English papers, 

It has been reported that the remains 
of Lavoisier were taken to the cemetery 
of the Madeleine. A marble bust of 
Lavoisier was erected in 1801 at Ver¬ 
sailles. A bronze statue was also erec¬ 
ted behind the Madeleine. It showed 
the famous mercuiy experiments of 
Lavoisier. This metal statue along with 
other statues, including those of Pclle- 


tici and Cavcntcm, the cclcbiated phai 
maeist of Ecole de Phaimacie, weie re¬ 
moved and taken to Germany during 
the Nazi occupation of Palis. 

Arthur Young, a Rntish scientist who 
visited Lavoisiei at the aiscnal m Octo¬ 
ber 1787, found him “splendidly lodged 
and with every appearance ol a man 
of considerable foilune Madame Lavoi¬ 
sier, a woman of understanding, that 
works with her husband in his labora¬ 
tory, was then translating Kinvan’s Es¬ 
say on Phlogiston”. Accoi cling to Foui- 
ceioy (1755-1809), Lavoisiei peifoim- 
ed his experiments many times befoie 
his colleagues and invited their rigorous 
ciiticism. He also took young men of 
promise into his lahoiatnry and trained 
them in research. Pi of. Maicelin Beithc- 
lot (1827-1907) states that Lavoisiei 
was a soft, kind but prudent and well- 
liifoimed scientist, who managed his 
affairs veiy satisfactorily. 

Lalande, who was a friend of Lavoi- 
siei and knew him well, has said: 
“Lavoisier was of large staluie; affability 
and penetiation were displayed in his 
countenance, his behaviour was mild, 
civil and polite and his activity knew no 
bounds.” 

Even duiing the daik days of 1793, 
Lavoisier, active, optimistic and coura¬ 
geous as evei, strained every nerve to 
continue the work of the Academy. 
True to his trust, he pleaded for those of 
his colleagues, who had been i educed 
to poveily by the decree of the Conven¬ 
tion: 

Citizens' the time presses; if you 
allow the men of science, who com¬ 
posed the defunct Academy to retire 
to the country, to take other posi¬ 
tions m society and to devote them¬ 
selves to lucrative occupations, the 
organization of sciences will be des¬ 
troyed and half a century will not 



LAVOISIER AND ENERGY RELEASE 


213 


suffice to regenerate the Older. For 
the sake of the national honour, in 
the interests of society, as you regaid 
the good opinion of foreign nations, 

I beseech you to make provision 
against the destruction of the Arts, 
which would be the necessary conse¬ 
quence of the annihilation of the 
Sciences. 

About this time, the gieat luminaries 
in the sciences, the most biilliant of any 
age 01 country, Condoicet, Monge, 
Coulomt, Laplace, Beithollect, Vauquel- 
lin, Gay Lussac, Thenaul, Alex Broug- 
niait, Cuviei, Lamaick, Gcoffiey St. 
Hillane, Arago, Ampcie, Poisson and 
others also flourished m Paiis. 

It is likely that the jealousy of A.F. 
de Fomceioy and Guyton de Moivenu 
was utilized by the rcvolutionaiics 
against Lavoisiei. Marat, who was high¬ 
ly influential and a membci of the 
National Convention, dabbled in che- 
mistiy and wrote an aiticle on Are which 
was very ciude and was denounced by 
Lavoisier as the Director of tlic Aca¬ 
demy oi Sciences, Maiat latei incited 
the adveisaiics of Lavoisier to action 
by the statements like the following: 

Lavoisier, the supposed putative 
father of all the discoveries, which 
are noised abroad, having no ideas 
of his own, fastens on those of others 
but is incapable of appreciating them, 
he abandons them as readily as he 
adopts them and changes his systems 
as he does his shoes' 

In his paper, the Ami clu Teuple, 
Marat is even moie fuiious: 

I denounce this coryphaeus of the 
charlatans, Seur Lavoisier, son of a 
land grabber (gripple-sol), chemical 
apprentice, pupil of the Genevese 
stock-jobber, Fermier General, regi- 
seur of powder and saltpetre, admi¬ 
nistrator of the Discount Bank, 
Secretary of the King, Member of 
the Academy of Sciences . Would to 
heaven that he had been strung to 
the lamp-post The electors of La 


Culture would then not have to blush 
for having nominated him 

It appears, theiefore, that Lavoisiei 
was not only a veiy able scientist ancl 
administiatoi but was also essentially a 
veiy good and just citizen bent on im¬ 
proving Fiance by the application of 
science and technology. Unfortunately, 
he fell a victim to the eternal fight, 
specially during the national upheaval, 
between the lich and the pooi who aie 
always in a majority. 

It is interesting to lecord that m the 
Memoir on Respiration by Lavoisier 
and Segum, published in 1798, the yeai 
of the revolution, they stated that the 
lot of the manual worker had to he im¬ 
proved, payment to labour had to go 
up, and that wise institutions should 
equalize foitunes. 

It may also be mentioned that some 
foreign scientists, specially Germans, 
have not been fan to Lavoisier; foi ex¬ 
ample, Girtanner, who lived in Paris foi 
some time, stated in 1786: 

Lavoisier is Fermier General and has 
much business connected with this 
so that acess to him is difficult, as I 
have myself found I am told that, 
with his great wealth and little time, 
he has many of his experiments 
arranged and executed by others 
Similaily, Doifman called him, “a 
businessman in the worst sense,” but 
theie is certainly no evidence that in 
his public and piivate life, Lavoisier 
was otherwise than highly sciupulous 
and honouiable. Regarding his scienti¬ 
fic achievements the gieat German 
scientists like Baion Liebig (1803-1873) 
and Wilhelm Ostwald (1853-1932), 
have not been eulogistic. Liebig stated: 

He discovered no new body, no new 
natural phenomenon; all the facts 
established by him were the neces¬ 
sary consequences of researches that 
had preceded his own His immortal 
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service consisted in endowing the 
body of science with a new spirit; 
but all the members of that body 
were already present and correctly 
united 

Ostwald expiessed himself in the same 
vein, 

Oxidation of Oiganic Matter and Nitro¬ 
gen Fixation 

Now we may discuss some recent 
researches into energy supply flora 
oxidation oi organic mattei, the clue 
for which was first given by Lavoisier. 

Dhar and co-workcrs have expeii- 
mentally obseived that oiganic sub¬ 
stances like sugar, staich, cellulose, 
lignin, stiaw, glasses, leaves, peat, coal, 
mobiloil, oils and fats, etc., photo- 
synthesized by light absorption, under¬ 
go slow oxidation on the soil surface 
into titania, zinc oxide, iron oxide, 
aluminium oxide, silica, etc., and in this 
process the nitiogen of the, air is fixed. 
In the case of glucose as sugar, the 
following changes take place in soils 
as m the animal body: 
C 0 Hi a O 0 +60 2 =6H0j.+ 6CO 3 -l-676 cai, 
This eneigy can break up water 
molecules into atomic hydrogen and 

theCH radical : 

(H,0+112K. cal =H+OH) 

The atomic hydrogen readily com¬ 
bines with the molecular nitrogen 
absorbed on the soil surface and forms 
ammonia. As this process icquircs 
energy, light eneigy falling on the sys¬ 
tem can increase nitiogen fixation and 
land fertility. In this process we have 
discovered that phosphates are of paia- 
mount importance and micro-organisms 
are not necessary in nitrogen fixation, 
Foi the first time in the history of sci¬ 
ence light energy has been found to 
be useful for improving soil fertility 


Moreovei, we have experimentally 
established that the soil oiganic mattei 
(humus) is oxidized to a greater extent 
by air in the piesence of mtiogenous 
fertilizers and maniocs than in their 
absence, but when straw or other 
organic mattei is added to the. system, 
the, loss of humus is maikodly letaided 
and fixation of atmospheric nitrogen 
occurs. 

Our researches show clearly that 
organic substances pioduced by photo¬ 
synthesis and aided by calcium phos¬ 
phates are the chief suppliers of soil 
nitiogen and are lcsponsiblc for crop 
pioduction in the world. 

The oxidation of organic matter on 
soil surface is much more comprehen¬ 
sive and universal than animal body 
oxidation, because, m the animal body, 
soluble caibohydiatcs, staich, oils, fats 
and pioteins undergo slow oxidation 
with liberation of energy, but in the 
soil or sand surface not only these 
materials but more complicated sub¬ 
stances like cellulose, peat, lignin, lig¬ 
nite, coal, hides, hoofs, horn, animal 
blood, etc., are slowly oxidized. 

Moieover, for feeding the world popu¬ 
lation of 3,200 million human beings, 
32 x 10 11 kilo calories per annum are 
needed, assuming that one million kilo 
calories is the average annual consump¬ 
tion per human being. On the otliei 
hand, botanists have estimated that ap¬ 
proximately 13,750 million tons of 
organic carbon are added annually to 
the earth’s surface by photosynthesis as 
cellulose; assuming that half of this is 
oxidized per annum, the caloric libera¬ 
tion is 6875 XlO 14 kilo calories, and this 
may lead to the fixation of nearly 200 
million tons of atmospheric nitrogen. 
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Oxidation of Nitrogenous Substances 
and Nitrogen Loss 

It has also been proved by our res¬ 
earches that nitrogenous compounds 
undergo the following changes when 
applied to soil 

Proteins -> amino acid +O a 

+ 0 2 -l-0 2 

nh 3 -> no 2 -> no 3 

All these oxidation reactions aie 
markedly acceleiated by light absorp¬ 
tion and increase of temperature. 
Ammonium nitiite, an unstable sub¬ 
stance is formed as an intermediate 
product in these reactions It is well 
known that ammonium nitute breaks 
up readily, with evolution of heat, as 
in the equation. 

NH 4 N0 2 =N a H-2H 2 0+718 K. cal 
This reaction is also enhanced by light 
absorption. This explains why the re¬ 
covery of nitrogenous fertilizers and 
manures in crop production is low and 


never exceeds 50 per cent. 

In recent years these researches have 
been successfully lepeated in other 
countiies and their importance realized. 

Scientists—Benefactors of Humanity 

I am concluding this article with the 
following lines written by the immortal 
Lavoisier just before his death: 

We shall close this memoire with a 
consoling reflection It is not requi¬ 
red, m order to merit well of huma¬ 
nity and to pay tribute to one’s 
country, that one should participate 
in brilliant functions that relate to 
the organization and regeneration of 
empires The scientist in the sec¬ 
lusion of his laboratory and study 
may also perform patriotic functions. 
He can hope by his labours to dimi¬ 
nish the mass of ills that afflict the 
human race and to increase its enjoy¬ 
ment and happiness; should he by 
the new paths which he has opened 
have helped to prolong the average 
life of man by several years or even 
by only several days, he can aspire 
to the glorious title of benefactor of 
humanity. 
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First Synthesis 
of a Protein 

H. N. Rydon 


/"CHINESE chemists have synthesized 
^ crystalline insulin, theieby achiev¬ 
ing what has long been attempted with 
only paitial success—the artificial pro¬ 
duction and purification of a complete, 
active natuial protein. It is a tour de 
force in fundamental chemical research, 
with no obvious technological applica¬ 
tion. 



g HWw Vd Aan Gin, Hit Leu Cy» G|y5er,HI», Ley \fal,GJu A|o,L*u 
I 2 3 4 a e 7 0 0 10 (I E 13 14 15 


A gicat deal of interest has been 
aroused by the publication, in a recent 
number of S cientia Sinica, of the de¬ 
tails of a total synthesis of ciystalline 
insulin carried out by a group of 21 
Chinese chemists and biochemists, work¬ 
ing in the laboratories of the Academia 
Sinica in Shanghai and of Peking Uni- 
varsity, Readcis of New Scientist will 
bo aware of similar work which has 
been in progicss for some years in Ger¬ 
many and the United States, and the 
purpose of this aiticlo is to summarize 
the position. 

The structure of insulin, which is a 
small piotein, was established, by de- 
giadative methods, by Sanger and his 
colleagues in Cambridge m 1955. 
Bovine insulin has the structuie shown 
m Figure 1; in the figure the three 
letter symbols lopresent amino-acid re¬ 
sidues (—NIL CIIR. CO—, in which the 
R’s represent any of 20 different chemi¬ 
cal groupings), which are linked togethei 
end to end to form the chains known 
as peptides (...NIL. CHH. CO. NLI. 
CHR. CO,..). The molecule con¬ 
tains two such peptide chains, A and B, 
containing respectively 21 and 30 amino- 
acid residues. Each chain is termina¬ 
ted at the left-hand end by an amino 
(NLI „) group and at the right-hand 
end by a carboxyl (C0 2 1I) group. The 
two chains are joined together by two 
disulphide (—S—S—) linkages and a 

Leu QhJ^Asrwtyr, Cya AsaOH 
/ 
s 
/ 
s 
/ 

Tyr Leu.Vol Cya 6ly Glu Arfl Gly, Phe Phe.Tyr Thr Pro Ala OH 
(5 f7 IB 19 20 21 22 23 24 23 20 27 28 29 30 


Fig. 1 


Reprinted from New Scientist, 30,223 June 1967, 501 ■ 766-767 
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similar linkage, between residues 6 and 
11, foims a 'loop’ in the A chain. In 
suhns from different mammalian species 
differ in the nature of some of the 
amino-acid residues, in sheep insulin 
residue A9 is glycine (Gly) instead of 
seiine (Sei), while in human insulin 
residues A8 and B30 are threonine 
(Thr) and icsidue A10 is isoleucine 
(lie). 

The synthesis of such a compound 
from its component amino-acids is a 
formidable task. Of the various possi¬ 
ble strategies, all three research groups 
have adopted the simplest, which in¬ 
volves the separate syntheses of the A 
and B chains followed by their com¬ 
bination to give insulin. 

Thanks to" the great improvements in 
methods for synthesizing peptides, 
which have been made in recent years, 
the synthesis of the two individual pep¬ 


tide chains piesents no difficulties of 
principle. It does, however, require 
hard woik and great expciimental skill 
owing to the large number of difficult 
chemical operations involved. The syn¬ 
thesis of a dipeptide from its component 
amino acid involves between three and 
six distinct chemical operations (Figure 
2 ). 

The synthesis of a peptide containing 
n-amino-acid lesidue therefore requires 
between 2n+2 and 4n+3 stages; the 
total synthesis of the A-cliain of insulin 
thus involves between. 44 and 87 stages 
and that of the B-chain between 62 and 
123 stages. Such syntheses have been 
earned out by all three groups. The A- 
chain peptide of sheep insulin was syn¬ 
thesized in 1963 by Zahn and his col¬ 
leagues at Aachen and by Katsoyannis 
and his colleagues in Pittsbmgh, who 
also synthesized the A-chain peptide of 


Amino acids 


HjN.CHR.CpjH 


(N - protection; 
1 stage) 


®HN. CHR.CC^H 


H 2 N. CHR.COjH 


(C protection; 
I stage) 


H t N.CHR.C0^J) 


( Coupling; I- 3 stages) 


(X)HN. CHR.CO.NH.CHR.COjg) 


(removal of protective groups; 
lor2stages) 


HgN. CHR. CO. NH.CHR.CC* H 


Fig. 2 
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human insulin in 1966; the A-cham pep¬ 
tide of bovine insulin was synthesized 
by the Chinese group in 1964, The B- 
chain peptide of sheep and bovine in¬ 
sulin was synthesized by all three groups 
in 1963-64, and that of human insulin 
by the Pittsburgh group in 1966, These 
syntheses are all in themselves very con¬ 
siderable achievements. 

The combination of the synthetic 
chain polypeptides to give insulin is 
quite a diffeient matter. It may, at fust 
sight, seem easy to bring together the 
chains, bearing —SII groups where 
—S—S*— linkages are required in the in¬ 
sulin, and to oxidize the mixture to give 
insulin, a piocess which can be repre¬ 
sented diagrammatically as in Figure 3. 

t)lpep<ld« 

SH SH S — S 
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SH 

SH -OH 


SH 

L 

SH 

I 

Choln 
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Fig. 3 


Unfortunately this is only one of 12 
ways in which the two chains can come 
together and Kauzmannin (1959) cal¬ 
culated that the probability of insulin 
being produced, rather than one of the 
11 other possible isomers, was only 0,04; 
this calculation neglects combinations of 
the A and B chains with themselves, 
and the formation of products contain¬ 
ing more than two chains, and it is clear 
that only a very small amount of insulin 
can be expected from oxidative combi¬ 
nation reactions of this kind. Neverthe¬ 
less, this is the method used by all thice 
groups. 

The first clearly successful recombi¬ 
nation of the A and B chains of insulin 
was carried out in 1960 by Dixton and 


Wardlaw, who split natural bovine in¬ 
sulin into its component chains and re¬ 
combined them to give a pioduct shown 
by bio-assay and immunological methods 
to contain 1 to 2 per cent of insulin, 

The method was greatly impioved in 
1961 by Dis. Zhang, Lu and Tsou who 
developed an experimental procedure 
winch gave increased yields (usually 5 
to 10 per cent, sometimes as much as 
20 per cent); these workers also suc¬ 
ceeded in isolating from the recombina¬ 
tion product crystalline insulin, which 
was 76 per cent pure (by bio-assay) 
and chemically indentical with natural 
insulin. The Chinese gioup later (1965) 
described a piocedure giving repro¬ 
ducible yields of 50 per cent and, more 
recently (1966), a similar claim has 
been made by the Pittsburgh group. 

The first combination of synthetic A- 
and B-eham peptides to give sheep in¬ 
sulin, in 0,5 to 1 per cent yield, was 
announced in December 1963 by the 
Aachen group. A similar combination 
to give an unspecified yield of insulin 
was reported by the Pittsburgh group 
in March 1964, Another publication in 
July 1964 seems to indicate that the 
yield was very low (about 0.05 per 
rent). Very recently (January 1966) 
the Pittsbugh group announced a com¬ 
bination of synthetic human A- and B- 
ohain peptides to give a 2 per cent yield 
of insulin. Although there is little real 
doubt that the activity of these various 
products was indeed due to the pre¬ 
sence in them of insulin, the formal 
evidence in support of this view is very 
slender and neither group has succeed¬ 
ed in isolating anything like a pure pro¬ 
duct. 

This is not the case with the work of 
the Chinese group, who announced the 
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combination of the synthetic bovine A- 
and B- chain peptides to give bovine 
insulin last November (Scimtia Sinica, 
Vol. 14, p. 1710) and who published 
the full details of their work this April 
(Scientia Sinica, Vol. 15, p. 544). Al¬ 
though their yield of insulin, as assessed 
by biological assay was only 1.25 to 2 5 
per cent they nevertheless succeeded in 
purifying then pioduct fully, eventually 
isolating crystalline insulin, 87 pei cent 
pure, on the basis of the internationally 
accepted mouse-convulsion assay. The 
identity of this crystalline product with 
natural bovine insulin was fully con¬ 
firmed by seveial crucial chemical and 
immunological methods. This synthesis 
must, theieiore, be held to be the first 
fully established synthesis of a protein 
and, as such, must be hailed as a truly 
outstanding scientific achievement. 

The significance of this woik is likely 


to be scientific rathei than technological. 
The length of the synthesis, with the 
inevitable loss of material at each stage, 
is such as to make it almost inconceiv¬ 
able that synthetic insulin could evei 
compete with the natuial product, even 
if flic yield in the final combination 
stage were greatly improved. Scienti¬ 
fically, it is clear that modifications of 
the synthesis can lead to modified in¬ 
sulins which are likely to be of great 
value in relating chemical shuctuie to 
biological activity and also in facilita¬ 
ting X-ray crystallographic studies on 
the shape of the insulin molecule. How¬ 
ever, the greatest scientific significance 
of the synthesis no doubt lies in the 
stimulation and encouragement it will 
provide for work directed towards the 
synthesis of larger, more typical, pro¬ 
teins, this is truly a seminal piece of 
work. 
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Tobacco: Its Effect 
on the Human 
System 

G. Raju 


T OBACCO is the dried and process¬ 
ed leaf of several species of Nico¬ 
tiana—a genus of plants belonging to 
the family Solanceae to which tomato, 
potato and brinjal belong. At least two 
species of Nicotiana are extensively 
cultivated all over the world. Nicotiana 
tabacum is cultivated in South America, 
Mexico and West Indies, and Nicotiana 
rustica is cultivated in Asia, North Ame¬ 
rica, the U.S.S.R., India and several 
European countries. 

Even before the Europeans came to 
know of its use, tobacco was commonly 
used by the natives of South America. 
Columbus saw the Indians of the Carib¬ 
bean drawing smoke through a Y-shap- 


ed pipe called ‘tabaea’. This name 
‘t.rbaca’ was latei extended to the plant 
itself and its products. It was Jean 
Nicot, French Ambassador to Portugal 
who sent seeds of the tobacco plant to 
Catherine de Medici in 1950. After that 
it was introduced in marry European 
countries, and Nicot gave his name to 
the genus of this plant and called it 
Nicottana. The alkaloid product found 
in tobacco later came to be known as 
nicotine. 

Now tobacco is used widely all over 
the world. It is smoked, chewed or 
inhaled as snuff. The use of tobacco 
has been praised by persons who con¬ 
stantly use it. They say that smoking 
is a soothing, harmless practice which is 
conducive to thinking and which serves 
as a tranquilizer whenever they are dis¬ 
turbed. But the medical men say, on 
the contrary, that it is harmful to the 
body and is responsible for the irrita¬ 
tion of the throat and lungs. It is popu¬ 
larly believed that tobacco causes loss 
of appetite, indigestion, palpitation of 
the heart, shortness of breath, ailments 
of the respiratory tract, cancer, etc. 
Some people however exaggerate the ill 
effects of tobacco without fully knowing 
the various substances it contains and 
their effects on the human system. 

Let us therefore consider the diffe¬ 
rent substances found in tobacco and 
their action on the various systems of 
the human body. The substances found 
in tobacco and its smoke include nico¬ 
tine existing in combination with vari¬ 
ous acids like acetic acid, malic acid 
and citric acid, pyridine compounds, 
ketones, aldehydes, tobacco tar, amino- 
acids like glutamne, glutamic acid, nico¬ 
tinic acid, nicotinamide, ammonia, car¬ 
bon dioxide, carbon monoxide, etc. 
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Some of these substances are beneficial 
to our body while otlieis aie harmful. 
The useful substances include the ammo- 
acids and the water-soluble vitamins. 

Apart fiom the tobacco tar, the harm¬ 
ful effects of tobacco are primarly due 
to nicotine. What is this nicotine? It 
is one of the few liquid alkaloids. It is 
colouiless, volatile and alkaline in solu¬ 
tion. On exposure to the sun, it turns 
brown and acquires the characteristic 
odour of tobacco. In the tobacco leaf, 
it remains m combination with acetic 
acid, malic acid and citric acid. When 
the leaf is burned, nicotine is libeiated, 

Nicotine in the pure form is one of 
the most toxic of all substances and is 
said to act with a lapidity comparable 
to that of potassium cyanide. The nico¬ 
tinic content of one cigar approximates 
the lethal dose for man. However, 
swallowed in the form of tobacco, nico¬ 
tine is much less toxic than would be 
expected. There aie instances in which 
childien have chewed and swallowed 
cigarettes without any lethal effect, al¬ 
though the amount of nicotine contain¬ 
ed in a single cigarette is almost the 
estimated fatal dose for a child. This 
is because when nicotine gets into the 
stomach, only a very small amount of it 
is absorbed by the walls of the stomach. 
This small amount actually delays fur¬ 
ther absorption of this substance and 
also helps to stimulate the nerve centres 
to throw out the remaining nicotine. 
People develop tolerance for a certain 
amount of nicotine after using it legu- 
larly. When used in excess, tobacco 
reduces the appetite and weakens diges¬ 
tion, since it interrupts the hunger con¬ 
tractions of the stomach. 

When tobacco smoke containing nico¬ 
tine comes in' contact with the lungs. 


the tissues of the lungs directly absorb 
some amount. Of this absoibed nico¬ 
tine about 5 lo 15 per cent is eliminated 
in the mine. The rest of it is converted 
inlo certain compounds and enters into 
the system. It has been found that in 
small doses nicotine has a stimulating 
effect upon the vaiious centres of the 
medulla oblongata—the hind brain. It 
affects the respiratoiy centie and the 
circulatory centie resulting in shortness 
of hieath, slowing down J of the action 
of the heart, constriction of arteries and 
a tendency • to vomit. In small doses 
nicotine produces a mild calming or ' 
sedative effect on the higher biain cen¬ 
tres. That is why, when distuibed, some 
people smoke a cigarette and feel 
calmer 

Nicotine also acts on the pituitaiy 
gland and causes it to release a hormone 
called anlidiuietic hoi mono. This hor¬ 
mone hinders the elimation of urine and 
ictains the water in the body. In ex¬ 
periments on animals it was noticed that 
if they are given an injection of nico- 
Line after being given large amounts of 
water, they will letain much of the 
water, for some time. It is said that in 
the case of human beings the same effect 
can be observed in the lungs after the 
subject has smoked one or two strong 
cigars. 

The action of nicotine in constricting 
the blood vessels is seen clearly in per¬ 
sons suffering from diseases like Buei- 
ger’s disease. The symptom of this dis¬ 
ease is the painful constriction of the 
small blood vessels in the limbs. It was 
found that most of the persons suffering 
from this disease were smokers. If they 
continued to smoke after the onset of 
this disease, the blood vessels got con¬ 
stricted still further, Their condition im- 
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proved when they gave up smoking. 

Nicotine acts upon the various ganglia 
of the autonomic nervous system. The 
autonomic nervous system supplies ner¬ 
ves to vaiious internal organs and 
serves to bring about actions that are 
independent of our will. The autonomic 
nervous system is composed, of two divi¬ 
sions, the sympathetic and the para¬ 
sympathetic. These two divisions have 
opposite effects on various organs. If 
one system is connected with the dila¬ 
tion of the blood vessels, the other can 
bring about their contraction. Nicotine 
stimulates the ganglia of both sets of 
autonomic nerves. It first causes the 
heart beats to slow down and then 
speeds them up. It causes an increase 
in blood pressure and a decrease in the 
flow of blood for circulation in the 
skin, This results in a distinct drop in 
the tempeiature of the area. 

In large doses, nicotine depresses all 
sympathetic and nerve-relay stations. 
In this respect it acts like some of the 
modem hypotensive drugs which help 
in reducing high blood pressure, It is 
not used in medical practice to 1 educe 
the blood pressure because the margin 
of safety between a depressant dose of 
nicotine and its fatal dose is very nar¬ 
row. Moreover, large doses of nicotine, 
if injected into the body, depiess the 
hind brain and this is always danger¬ 
ous and may prove fatal. 

Occasionally, in the case of middle- 
aged or old persons heavy smoking 
might fog the vision. There are instan¬ 
ces of persons, who continued to smoke 
heavily after this stage, becoming tem¬ 
porarily blind. However, in such cases, 
normal vision was regained after the 
patient stopped smoking. 

Nicotine may increase the secretion 


of hydrochloric acid in the stomach. 
Some believe that this causes or aggra¬ 
vates peptic ulcer, at least in certain 
cases. 

Smoking becomes a habit which peo¬ 
ple often find hard to break. What are 
tlic various factois that contribute to 
the foimation of this habit? We hear 
people say that smoking gives them 
pleasure. This pleasuie can be attribu¬ 
ted to the mild sedative or calming 
action of nicotine on the central nervous 
system. It is also said that the carbon 
monoxide formed in small quantities is 
capable of producing a slight degree of 
intoxication. Thus the pleasure of 
smoking might also be partly due to 
the mild carbon monoxide poisoning. 

Another icason for the formation of 
this habit is the peculiar flavour which 
the smoker gets while smoking tobacco. 
Once he get used to this flavour, he 
develops a craving for it. 

Ceitain experiments conducted on 
human beings showed that the substance 
nicotine itself is involved in the 
formation of this habit. Some 
heavy smokers were asked to give 
up smoking for some time, and 
duiing this period they were given in¬ 
jections of nicotine, They reported that 
the injections satisfied their craving for 
smoking. Non-smokers, when given the 
same dosage of nicotine, through injec¬ 
tion, found it rather unpleasant. When 
a person starts smoking, after his 
first experience with tobacco, he 
might become dizzy, pale and begin 
vomitting, After the first few trials 
he might not get these unpleasant symp¬ 
toms since our body develops a certain 
degree of tolerance for nicotine. As 
far as habit formation is concerned, the 
above two factors are mainly physiologi- 
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cal. Theie is a third factor which is 
purely psychological, This is connected 
with the rituals of smoking. The elabo¬ 
rate steps involved in taking out a 
cigarette and lighting it, and the style 
of smoking, are enjoyed by the smokei 
and he would like to repeat them 
frequently, Besides, smoking a ciga- 
rete or a cigai is said to give the smoker 
confidence to face ceitain situations, 
this is again purely psychological. 

Thus the absorption of nicotine and 
the ritual of smoking together pioduce 
a certain psychological efEect on the 
smokei. Therefore, when a person sud¬ 
denly stops smoking, he may feel rest¬ 
less, moody, imtable and may even ex¬ 
perience sleeplessness. Howevei, all 
these symptoms of discomfoit are likely 
to disappear after a few days or weeks 
if one is leally patient and determined 
not to go back to smoking once again. 

Lung Cancer and Smoking 

Smoking has been very much in the 
news, ever since the turn of the cen¬ 
tury, as a possible cause of lung cancer. 
At first it was thought that cigar and 
pipe smoking were chiefly responsible 
for inducing cancer. But now it is be¬ 
lieved that heavy cigarette smoking 
is responsible for this malady. 

Two kinds of evidence have been col¬ 
lected which place the emphasis on 
smoking as the cause of cancei: (i) sta¬ 
tistical, (ii) expeiimental. The statis¬ 
tical data collected, particularly in the 
U.S.A., show that there has been an 
increase both in the consumption of 
cigarettes and the occurrence of cancer, 
in recent years. In addition, a high pro¬ 
portion of lung cancer patients were 
found to be cigarette smokers. Again, 
these patients were either heavy or chain 


smokcis. Lung cancer is raie among 
persons who have nevei smoked. In 
any countiy the deaths from lung can¬ 
cel increase with the amount of ciga¬ 
rettes smoked. 

It is surpiising that no such connec¬ 
tion is found between cigar smoking 
and lung cancer. It is veiy likely that 
some of the substances causing cancer 
are fieed and lost during the ageing 
process or dining the high fermenta¬ 
tion to which cigar tobacco is subject¬ 
ed. 

Non-smokeis too may develop lung 
cancer due to the constant inhalation 
of various substances like industrial 
fumes, the dust from bituminous road 
surfaces, petrol and diesel exhausts, etc 
Dining some expeiiments conducted 
with animals, when materials conden¬ 
sed from tobacco smoke were applied to 
theii skins, they developed cancer. In¬ 
vestigations have shown that a tarry 
substance found in tobacco called 
'tobacco tad can induce cancer. After 
the skins of mice were painted with 
tobacco tar, a high percentage of them 
developed malignant growth. Tobacco 
tar, and certain little known and un¬ 
known ingredients, which it contains 
may pioduce a chronic irritating effect. 
Inhalations of this type may lead to 
cancer of the respiratory tract and lungs. 
In cerain cases, even two per cent of 
the original tar found in cigarette 
smoke can develop the cancerous tissue. 
Of course, our knowledge regarding this 
aspect of the effects of tobacco is still 
far from complete. 

It should not be inferred from the 
account given above that smoking 
tobacco will kill a person, either through 
cancel or through other ailments le- 
sulting from its use. But one thing is 
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certain: tobacco can very much lower paired, with the result that he may 
the vitality of a person who constantly suffer from ill health throughout his 
smokes, and it can make him suscep- life. In certain cases, it might produce 
tible to many diseases. The normal cancer, which often proves fatal unless 
metabolism of a person might be im- detected in the early stages, 
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Reorganization of 
Practical Training in 
Physics: II 

B, Sharan 


T HE objectives of practical training 
and the ways to achieve them 
have already been dealt with at length 
in an earliei paper.* In the present 
paper are described the general princi¬ 
ples of alertness, differences between 
a scientific observation and a casual 
observation, methods of accurate mea¬ 
surement, their non-absolute nature or 
statistical character, and use of different 
types of means, their relative merits 
and demerits for choosing the best re¬ 
presentative value. The proper way of 
taking averages—when to take the arith- 

* See School Science, March 1967, V.2, 


metical mean of a first 01 higher powei 
of a quantity—arc given at the end. 
The examples given in the text are 
merely suggestive, they may be suitably' 
modified accoiding to the standaids and 
degree of maturity of the students. 

General Alertness 

An intelligent approach often saves a 
lot of time. Before starting the experi¬ 
ment cheek that the appaiatus is at the 
desired place, and that all its parts are 
working smoothly. 

Observation and Measurement 

An observation should not meiely be 
legarded as tabulation of numbers and 
reproduction of statements fiom books. 

It should reflect personal attention and 
depict any depaitures noticed from the 
anticipated behaviour or any other 
special points. Some students take, 
observations, notice deviations from the 
pre-conceived results and, for fear of 
being wrong, ‘cook up’ results or copy 
from others’ readings, The attitude of 
an obseiver should be to exercise the 
maximum care and to be keen to dis- 
covei something new. 

Most of the contributions to know¬ 
ledge have come through keen observa¬ 
tion, correlation and deep thinking. 
Thus, observation is the most vital pait 
of any experiment, for it supplies the 
evidence in support of or against any 
theory. Any structure built on weak 
foundations (weak observations) would 
collapse sooner or later. 

A good experimenter is accurate in 
his observation and precise in bis mea¬ 
surement. He knows enough of the 
characteristics and contrasting physical 
properties to identify and mark the 
boundary of -the space in which the 
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object is situated. The region in which 
the object is, can be located by scan¬ 
ning pait by part. For example, the 
process of scanning would tell us that 
on taking out a plug from a standard 
resistance box, the resistance introdu¬ 
ced in a metre-bridge circuit is not only 
in the resistance box, but includes also 
the resistance box plus connecting brass 
pieces, plus the leads. 

The success of an experiment depends 
upon how intelligently one uses his five 
senses, namely, touch, taste smell, hear¬ 
ing and sight. Quite often instruments 
are used as aids to the senses. For an 
accuiate observation the observer, the 
object and the instrument for observa¬ 
tion should be in piopcr positions with 
respect to each other. Some cardinal 
principles about a good setting are stat¬ 
ed here. 

1. It is convenient to have the mea¬ 
suring instruments easily acces¬ 
sible for operation and observa¬ 
tion; very often they may need 
levelling and correct alignment. 

2. Observation should involve the 
minimum of movement—an ob¬ 
server who has to move from 
place to place cannot take accu¬ 
rate observation, The lag be¬ 
tween an operation (the pressing 
of a key) and the recording of 
an observation (the deflection of 
a ballistic galvanometer) will 
have serious effects in all dyna¬ 
mical experiments. 

3. The point of observation should 
be kept along the line of sight, 
It is not advisable to place a 
moving coil galvanometer above 
one's head. 

4 Static conditions are to be main¬ 
tained, i,e„ supports for instru¬ 


ments are to be kept steady and 
fixe from vibiations. This is 
necessary in tire case of a balance, 
a ballistic galvanometer and an 
interferometer. For special ex¬ 
periments moie information and 
details can be obtained from the 
accounts of the original experi¬ 
ments given by the scientists 
who performed them. 

The setting for observation An 
observation is influenced by the object 
under study, the surrounding instru¬ 
ments and the observer. The repro¬ 
ducibility of the information gained 
through our senses depends greatly on 
the piecise knowledge and careful 
separation of the parameters affecting 
the observation. 

A scientific measurement has to be 
accurate and needs extra care. It is a 
contrast to a commercial measurement 
which is least intended to be accurate 
and therefore needs only a little care. 
Everyday examples of commercial 
measurements are measurements of 
length and mass by cloth merchants 
and vegetable sellers. The principle of 
scientific measurement involves the 
method of coincidence. Take, for in¬ 
stance, the determination of the length 
of a rod. The two extreme edges of the 
rod are put between two marks on a 
metre scale, so as to coincide with them 
and the difference between the reading 
on the scale gives the length of the 
rod. 

The me of the eyes. The eyes at 
times observe inaccurately because of 
the following: 

1. Parallax. The division on the 
scale of a metre and its pointer 
and the optical centre of the eye 
are not in one straight line. 
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2 Resolving power. For example, 
objects very close to the eyes 
cannot be seen separately, dis¬ 
tinctly. Experiment. Try to 
read letters written on a sheet of 
paper, from a distance of 5 cm 
by putting your nose on the pa- 
pei. 

3. Distinctness. For example, the 
object may be far off. 

4. Strained state of the. eye. 

5. The unsteadiness of the observer’s 
position 

In short, to be able to take readings 
accurately, the eye should neither be 
too fai off from the scale nor too neai 
it; in both cases it is difficult to read. 
The best position for the eye is the 
least distance of distinct vision, i.e., 25 
cm.® 

These instructions can never be ex¬ 
haustive. Many decisions have to be 
taken at the time of the experiment and 
they lest entirely on the intelligence and 
power of correlation of the worker. 
Iiowevei, an experimenter should always 
ask himself the following questions: 

1. Why am I doing this particular 
thing? 

2. Will it leally tell me what I 
want to know? 

These questions may prove to be of im¬ 
mense help in revealing the behaviour 
of the object under investigation, 

A word of caution is necessary regard¬ 
ing the meaning of the phrase ‘accurate 
measurement’. It means that one aims 
at measuring the best possible value of 
the quantity sought in spite of disturb¬ 
ing factors. The moment these dis- 


tuibing elements aie known, one tries 
to contiol or eliminate them. Foi such 
situations there aie special statistical re¬ 
medies like factoiial design, Latin 
squaics and randomization. 

Statistical Experiments 

lloto many observations to takeP 

The majoiity of students have a very 
wrong notion that the quantities mea¬ 
sured are absolute, devoid of error. This 
is often reflected in their questions like 
“Sir, how many leadings should we 
take?” and in their recording of experi¬ 
ments wlieie the tabulated lesults may 
have four to seven significant figures. 
The numbei of significant figures de¬ 
pends more on the figuies given in a 
log table or got by actual arithmetical 
calculation lathei than on their idea of 
the accuracy attainable. The following 
criterion may help in deciding the num- 
bci of obsez-vations to be taken. Pei- 
form the same experiment at least three 
times, The second is to check the first, 
and if they differ, the third is for con¬ 
firmation. If all the measurements 
diffei from each other, then for a rea¬ 
sonable result more lepetitions are re¬ 
quired. This process is continued till 
a laige number of readings appear to 
be scattered about a particular value, 
each time it is ensured that the experi¬ 
ment is carried out in an identical state. 
The condition in which all parameteis 
(object 4- surroundings + observation 
+ time) are mdentical, is an ideal 
to be approached asymptotically; for 
instance, the time of any two observa- 


* It may be worth while to give the results of two differing observations by 
two different persons and ask the student to explain the differences by his own 
observation 
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tions can never be the same. 

Length, mass and time are the 
tlnee fundamental units of Newtonian 
Mechanics and the fact that their mea¬ 
surement is not absolute but always 
involves some uncertainty can be illu¬ 
strated by the following experiments. 

Measurement of length. Two experi¬ 
ments are described here. In the first 
students may be asked to take at least 


ten readings to find out the distance be¬ 
tween two points marked on a sheet of 
paper by means of a travelling micro¬ 
scope. To give an idea about the na¬ 
ture of variation in readings the author 
reproduces his own measurements in 
Table 1. They were taken on a com- 
paiator (least count 0.001 mm) to get 
the distance between two layer lines of 
an X-ray mtation photograph of AIPO 
taken with M 0 K x radiation 


TABLE 1 

Measurements for the distance between two layer lines of 
an X-ray rotation photograph 


S. No. 

Layei Line 
== + 1 

Layci Line 
^ + 1 

Distance bet ween 
the layer lines 

1. 

6.3170 

5.9511 

0.3659 

2 

6,3160 


0.3670 

3. 

6 3207 

5 9488 

0.3719 

4 

6,3055 

5 9472 

0.3583 

5. 

.. 6.3278 



6. 

6 3241 

vN-rw?" 

0 3719 

7. 

6,3210 

5.9616 

0.3594 

8. 

6.3200 

5.9459 

0.3741 

9. 

6.3219 

5.9537 

0 3682 

10. 

6 3260 

5,9453 

0,3807 

11. 

6 3248 

5,9520 

0.3728 

12. 

6.3241 

5.9543 

0.3698 

13. 

6 3250 

5.9494 

0.3756 

14 

6.3195 

5.9494 

0.3701 

15. 

6.3190 

5 9459 

0.3731 


Total 94.8124 

89.2573 

5.5551 




Mean 




Difference 

' 



=0.3703 


In the second experiment the dis- just passes through were determined 
tance between two knobs of an indue- by Vernier callipers. Table 2 gives the 
tion coil at the setting when a spark observations of one of my students. 
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TABLE 2 

Spark length L at various primary voltages of an induction coil 


12 VOLTS 

11 25 VOLTS 

10 5 VOLTS 

0 

10 VOLTS 

L 

Mean L 

L 

Mean L 

L 

Mean L 

L 

Mean L 

in cm 

in cm 

in cm 

m cm 

ift cm 

in cm 

m cm 

in cm 



5.08 


4.83 


mm 


6 39 


4 98 


4.85 




6,29 

6 34 

5.07 

5.05 

4.95 

4.91 

■SB 

4.33 

6.27 


5,09 


4,97 


4 29 



Theie can be many other similar ex¬ 
periments. Some of these are: 

1. Measuring the depth of focus- 
focus on a spot, say, 10 times the 
objective of a veitically travelling 
microscope. 

2. Measuring the resolving power 
of a telescope. 

3. Measuiing the length of a small 
rod by a metre scale. 

It is necessary at this stage to consi¬ 
der the oft repeated question: “Gan we 
read the fi action of a least count?” 
In laboratories some people dismiss this 
question outright, but the majority 
favour reading up to half of the smal¬ 
lest interval. It is unconvincing that 
the eye cannot judge better than half 
the minimum spacing between two con¬ 
secutive divisions. A more realistic 
attitude would depend upon how big 
the scale division is and how fine are 
its markings. The author is definitely 
of the view that in favourable cases 
like measurements by a metie scale, the 
eye can estimate one decimal place 
higher than the least count. The last 
experiment mentioned above becomes 
useful if the ends of the rod are put 
between two marks on the scale and 
the readings aie estimated to 1/lOth 


of a millimetie. For each observation 
the ends aie slightly shifted fiom the 
previous position. 

A few experiments on the measure¬ 
ment of mass and time aie suggested 
below: 

Measurement of mass: 

Measuie a small mass five times by 
the method of oscillations. 

Tiy to read l/10th of a division by 
a spring balance. Do it five times. 
Note 25 times the period of swing 
of a pendulum to I/lOtli of a 
second. 

Measurement of time: 

To inciease the value of these ex- 
peuments, the students may now be 
asked to plot the data in Table 1, as 
follows: 

a. reading obtained against sequence 
of measurement 

b. mean of the fiist readings against 
number of readings, i.e, mean of 
the first two against 2, mean of 
the first three against 3, etc, 

c. a histogram, i.e„ the number of 
occurrences of a reading within 
a small interval against the 
chosen interval (steps), 

The above graphs will indicate that 
as the number of readings is increased 
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in (b) the mean tends to assume more 
or less a constant value. In (c) a 
smooth curve (frequency distribution) 
is obtained by joining the mid-points of 
the verticals and the steps, such that 
the area under the curve is equal to the 
area under the histogram. For a very 
large number of readings the curve 
should approach a 'normal frequency 
distribution’, 01 Gauss’s ‘normal error 
curve’. The maximum of the distribu¬ 
tion curve gives the ‘mean’ or the 'most 
probable value’. 

A word of warning is necessary here: 
not all quantities obey the Gaussian 
distribution law. For example, if the 
ladius of a lead shot obeys the Gaus¬ 
sian law, its volume will not. In fact, 
theie are more cases of departure from 
the normal curve, than otherwise, and 
theiefoie it is better to test before ap¬ 
plying it However, for small errors 
of the type met with in physical experi¬ 
ments, the Gaussian law is a faiily good 
approximation and is mathematically 
convenient. A non-Gaussian distribu¬ 
tion is the Poisson distribution. It 
gives the frequency distribution, among 
equal time intervals, of events which 
occur at random in time, e.g., in count¬ 
ing experiments in nuclear physics and 
other fields. Further, it can be shown 
that the Gaussian and Poisson distri¬ 
butions are special cases of the more 
general binomial distribution. This 
tm ns out to be so because the binomial 
coefficients arc symmetric about tho 
mean position, 

The experiments and various plots 
described above illustrate only one 
point, ideals are absolute, they aie 
unattainable. A value 4.5 cm is not 
4.5000 .. , but is uncertain by some 
amount; tins uncertainty can be deter¬ 


mined by statistical analysis. So, it is 
better to talk of tolerances. In spite of 
uncertainties quite a lot of useful work 
can be done. These uncertainties 
should not diseouiage us from experi¬ 
menting. It is also worth while to 
point out that the accuracy obtained 
in the above series of measurements 
depends upon the reliability of the 
standards of length, mass and time used 
(mostly they are the secondary stand¬ 
ards); for example, weights may err by 
a few milligrams; the temperature on a 
-thermometer may be off the true tem- 
peiature by +2°, the resistances of the 
standard resistance boxes aio within 
10 per cent of the figures written on 
them, These tolerance limits can be 
had from the manufacturer or obtained 
by comparison with some fixed stan¬ 
dards. 

An objection commonly put forwaid 
is that students are immature and would 
use the tolerance factors as an excuse 
and blame instruments foi their own 
unsatisfactory peifoimance. To this 
author, however, ignorance is never 
bliss; students should be asked to be 
careful fiom the very beginning for it 
takes quite some time to give up a bad 
habit, Deliberate mischief is much 
better than an error committed out of 
ignorance. Students sometimes com¬ 
plain. “Why axe we asked to work with 
bad instruments?” The answer to this 
is. “We are trying to train you in an 
intelligent use of the instruments, i.e,, 
how to arrive at the best from the 
worst." Apart from the fact that no in¬ 
strument is perfect, one may come 
across many situations in practical life 
where a rough estimate is to be made 
from crude measurements. These esti¬ 
mates also afford a valuable check on 
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accurate measurements. In the absence 
of a tape, for example, the dimensions 
of a hall may be found by using the 
hand. 

Observations to be Rejected 

Sometimes, in an experiment of the 
type cited in Table 1, one reading may 
be wide off the mark, i.o., it may be 
very much different from the arith¬ 
metical mean. This reading may be 
rejected if it is a clear-cut case of mis¬ 
reading a scale due to some pieoccupa- 
tion or accidental movement of the in¬ 
strument or a mistake in recording, 
The only test for the nature of such 
‘wild’ readings is that even a large 
numbei of repetitions will fail to re¬ 
produce them. A pencil of 10 cm 
length cannot all of a sudden become 
11 or 20 cm. Apart from this, there 
is no magic foimula to suggest the 
rejection of an observation. 

The statement, based on statistical 
analysis, that readings differing by more 
than five times the mean value may be 
discarded, should be applied cautious¬ 
ly. Such chance readings are by no 
means luled out. They lie on the tail 
of the Gaussin curve; the only thing 
is that llie probability of such happen¬ 
ings is less than one per cent. There 
is no justification m taking three rea¬ 
dings and out of these rejecting the third 
on the basis of the above criterion; a 
conect decision can only be made if 
the number of readings is sufficiently 
large, say a hundred. 

In the absence of absolutely certain 
evidence, ‘wild’ readings should be re¬ 
tained. Such leadings have been res¬ 
ponsible for many important discover¬ 
ies. To cite a few example, the dis¬ 
crepancy between the density of nitro¬ 


gen prepaied from air and that of a 
sample produced chemically led to the 
discovery of argon by Lord Rayleigh. 
Again, extra signals in radio leceiveis 
have been attributed to messages from 
Mars. 

Which Mean to Take 

Having established that even under 
similar conditions observations show a 
scatter, a veiy vital decision still re¬ 
mains to be taken, i.e., which reading 
is most likely to be near the actual 
value and with what confidence it is 
to be taken. Heie one uses the method 
of means. The mode, median and 
arithmetical mean are various forms of 
means or averages. The use of a parti¬ 
cular type of mean depends upon the 
nature of the problem. 

Mode (fashionable, common) is the 
most frequest or most popular value 
of a variable. In a frequency dis¬ 
tribution cuive, it corresponds to the 
peak value of the variable. For ex¬ 
ample, certain varieties of hats or 
prints may be in greater demand, ac- 
coidingly, a shopkeeper can regulate 
his order by studying the ‘mode’. 

The median corresponds to a value of 
the variable such that half the observa¬ 
tions are higher than it, and the other 
half are lower. It divides the frequ¬ 
ency distribution curve into equal areas. 
The concept is useful for a comparison 
of two or more popuIalion=spiead 
curves relating to one particular type 
of problem. For instance, one may wish 
to grade some Intermediate colleges in 
the order of their results in the U.P. 
Boaid Intermediate Examinations. If 
the number of students appearing from 
each institution is the same, then one 
way is to compare them according to 
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their mode's, i.e., placing in Older of 
the highest malts secured by the stu¬ 
dents. Is this a correct assessment? A 
little thinking would reveal that the rns- 
stitulion in which more than half of the 
students have, fated well is definitely 
superioi to otheis, i.e., the median is a 
better way of grading, Similarly, the 
prosperity (pei capita income) and 
yearly progress of a country with res¬ 
pect to others is judged better by the 
median than by the mode. Further, if 
vacations in different groups are to be 
studied (foi example, variations of in¬ 
come ranging between 11s. 60-80 p.m., 
Rs, 100-120 p.m., or improvement in 
weak and mediocre students, etc ) then 
the curves are divided into paits and 
thcii corresponding medians studied. 
Such medians aic called qualifies, sex- 
tiles, etc., according as the curve is 
divided into four or six parts. 

Arithmetical Mean 

This is the quotient obtained by 
dividing the sum of weight observa¬ 
tions by then total number. The arith¬ 
metical mean 

w= . wmi-f-w a n.,-f-. , ,+w„,n„, 
ni+n 2 + .. -|-n„, 

where wi, w 2 ,. . are the readings, and 
m, n 2 , ...their statistical weights, ie, 
the number of times the readings have 
been obtained 

The mode, median and arithmetical 
mean aic different for a skew distribu¬ 
tion and merge into each other for an 
asymmetric or skew distribution. 

For numerical work the arithmetical 
mean is mostly used. It has the fol¬ 
lowing properties. 

1. The average is influenced by all 


portions (high, medium, low) of 
the cuivc, 

2. Enois of nicasiucment tend to 
neutralize one another aiound 
the arithmetical mean; the error 
of this average is much less than 
the on or of a single measuie- 
ment 

3. It is bottci suited for statistical 
calculations like woiking out 
standaid deviations and correla¬ 
tions coefficients. 

4. When multiplied by the total 
number of observations, it yields 
the total value. 

5. It is more reliable than the 
median or mode, i.e., it will 
fluctuate less widely than cither 
of the two. 

There aio three difficulties as legards 
a geneial use of mode or median: (i) 
they can bo obtained only fiom e.mves 
and their positions depend on the 
manner in which the intervals are divi¬ 
ded and plotted; (ii) they cannot be 
exactly determined by mathematical 
analysis; and (iii) unlike the arithmeti¬ 
cal mean, they cannot bo used for 
obtaining totals. 

A beautiful example of the use of the 
mode and the arithmetical mean is 
provided by the velocity spectrum of the 
molecules in a gas or a liquid. Tire 
problem may be to know the position 
of maximum intensity of a spectral line, 
whether or not the molecules will 
overcome the gravitational pull of a 
planet or evaporate from a liquid, or a 
study of transport properties; wc accor¬ 
dingly use mode, tail of tho cmvc oi 
arithmetical mean respectively. How¬ 
ever, in physics, we need only one 
value, the most probable or the modal 
value. In periodic stiess measurements 
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it may conespond to the bicaking point. 
In this lespect, the median is of little 
use 

For other types of means like the 
geometric, mean, the harmonic mean, 
etc., the reader may rcfei to standaid 
texts on the subject. 

How to Take the Mean 

(a) Mean of means, In certain types 
of expenments like Young’s modulus, 
modulus of rigidity of a wire, Ohm’s 
law, etc, one often takes the mean of 
means. The purpose of adopting this 
special procedure is to see that in each 
large interval, the elongation or twist 
pioduced per unit load is uniform Tins 
also smooths out the variations obsoiv- 
ed in very small inteivals which may 
be superficial, The lule adopted in 
taking the mean of the means is that 
the readings be so arranged that in the 
final mean no reading is eliminated. It 
has been observed that this rule is 
often violated and this has prompted 


the author to bring it to the reader’s 
notice. An example is given below m 
Table 3. The mistake may he inadvei- 
tent but tliink of the harm it does to 
bcgmneis. 

In the above method, readings 4, 5, 
6, 7 which are taken twice do not entei 
into the final average. The correct 
piocedure would be to find the mean 
twist for 1.2 kg between the readings 
0-6, 1-7, 4-10. 

(b) Mean of quantity occuring in the 
first power „ second power or higher 
powers. One should not blindly 
take the average of the quantity 
measured, It must be decided by 
the purpose for which it is needed. 
Quantities Occurring in the First Power 
In kineLic theory, m all transpoit 
phenomena, the mean velocity of a 
molecule is used and not the root mean 
square. If the problem is to find the 
ladius of a single lead shot, it may be 
determined a number of tunes and 
averaged out. 


TABLE 3 

The wrong method of taking means in modulus of rigidity 
by the statical method. 


S. No. 

Load m 

Mean twist 

Mean twist in de| 


kg. 

in degrees 

for 0.6 kg. 

0 

0 

0 


1 

200 

2 


2 

400 

3 

45 

3 

600 

45 

4.0 

4 

800 

6 

4.5 

5 

1000 

7.5 

4.5 

6 

1200 

9 

4.0 

7 

1400 

10 

4.0 

8 

1600 

11.5 

40 

9 

1800 

13 

4.5 

10 

2000 

14.5 

Mean 

twist per 0.6 kg 



Synthetic High 
Molecular Sub¬ 
stances : II 


V. A Glushenkov 
C, Radiiakrisiinan 


HPODAY the production of polymers 
is veiy important not only in 
everyday life but in industry also, A 
few polymers are therefore discussed 
below. 

1. Polyethylene 

Polyethylene is obtained these days 
by the following methods depending on 
pressure: 

a, The method of high pressure, 
In this method polyethylene is 
obtained under a pressuie of 
1200—1500 atmospheres and a 
tempeiatuie of 200—250°C. At¬ 
mospheric oxygen acts as initiator 
in this reaction of polymeriza¬ 
tion. Peroxide compounds are 
obtained by the interaction of 


ethylene with oxygen, which 
produce mdicals on decomposi¬ 
tion. The reaction of polymeriza¬ 
tion takes place with the help of 
such radicals, Polyethylene of 
high pressure has an average 
molecular weight of 25,000 to 
50.000 oxygen units. High tem¬ 
perature, pressure and partial 
oxidation of ethylene during ini¬ 
tiation of this reactron of poly¬ 
merization, produce an irregular 
structure of molecule. For ex¬ 
ample for every 100 CH 2 gioups 
tbeie are on an average 3 side 
chains: 

* • CH —CH — CH- 

2 2 

CH 

3 

High pressure polyethylene is a 
solid having a yellow-white col¬ 
our like horn, with a specific 
gravity of 0.92—0.95 and a m.p. of 
100—110° C, It has pretty good 
dielectric properties and does not 
react with most of the chemical 
reagents. Water and gases do 
not pass through a polyethylene 
film. But in air polyethylene 
suffers oxidation and after some 
time its physical and chemical 
properties deteriorate. To pre- 

• vent this phenomenon, some aro¬ 
matic diamines, phenols, etc., 
may be added; these slow down 
the process of oxidation. 

b The method of low pressure 
(Zieglers method). At atmos¬ 
pheric pressure ethylene poly¬ 
merizes in the presence of com- 
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plex Ziegler catalysts (triethyl 
aluminium, tetracliloro-titanium). 
The reaction takes place by a 
mechanism of anionic polymeri¬ 
zation. Triethyl aluminium is 
spontaneously inflammable in air. 
Hence this reaction is conduc¬ 
ted in an ineit and diy solvent 
in an atmosphere of nitrogen. 
The reaction is started at room 
temperature. The temperature 
is giadually laised to 70°C. The 
Ziegler method is important be¬ 
cause with the help of this 
method it is possible to regulate 
die aveiage molecular weight 
of the polymer by changing the 
correlation of the composition of 
the catalyst Al(C a H 8 ) 3 and 
co-catalyst TiCl., and by addi¬ 
tion of other alkyl metals. For 
example, with equimolecular 
correlation of A 1 (C 2 H B )3 and 
T 1 CI 4 the average molecular 
weight of polythylene will be 
between 60,000 to 100,000 and 
m.p,, 125—130°C. Its caibon chain 
has almost no branch. Hence 
the degree of packing of the 
molecules is rather high and it 
is more crystalline than polye¬ 
thylene of high pressure. But 
polyethylene of low pressure 
gets spoiled on storing because 
of the remains of catalyst and 
solvents present in it. 
c The method of average pressure. 
Polyethylene of average pressure 


is obtained in the presence of 
the catalyst—the oxide of metals 
of variable valency (chiomium 
oxide of aluminium silicate) 
The reaction takes place by the 
mechanism of anionic polymeri¬ 
zation at 130 °C and 30-35 at- 
mospheies pressure in the sol¬ 
vent xylene of toluene. Poly¬ 
ethylene of average pressure is 
characterized by the presence of 
a linear stiucture. It is possible 
to legulate its molecular weight 
by changing the tempeiature of 
the reaction of polymerization. 
Thus at 110° G the average mole¬ 
cular weight of the polyethylene 
obtained is 100,000 but at 170°C 
the average molecular weight is 
only 25,000. Nowadays it is very 
difficult to select and use only 
one of the above-mentioned 
methods of polymerization, be¬ 
cause polyethylenes obtained, by 
different methods have different 
properties. 

Polymers of Substituted Ethylenes 
Substitution of the hydrogen atoms in 
ediylene by atoms or gioups of atoms 
winch have a greater affinity for the 
electron than the carbon atom has 
(i.e., they are electrophilic) causes the. 
polarization of the molecule and the 
activation of the double bond. As a 
result, substituted ethylenes polymerize 
more easily than ethylene itself. For 
the synthesis of polymeis, the following 
arc very important: 


CH 2 =CH-Cl CH 2 = CC1 2 

Vinyl Chloride Vinyhdene 
Chloride 

ch 2 =ch.o.co.ch 3 

Vinyl acetate 


cf 2 =cf 2 ch 2 =ch-o-r 

Tetrafluoro- Vinyl ether 

ethylene 

ch 2 =ch.coor CH 2 =CH-C 8 H b 

Substituted 

acrylic acid Styrene 
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Poly (vinylchloride) (PVC) 

This is obtained by the polymeiiza- 
tion of vinyl chloride in the ptesence 
of a peroxide initiator. 



PVC is a white amorphous powder 
with a specific gravity of 1.4. It is 
possible to make PVC by pressing, 
stamping, moulding and other methods. 
It has a good deal of mechanical 
strength and is used lor making tubes, 
for lining electrolysis baths, foi making 
reseivoirs for acids, alkalies, etc. It is 
possible to manufacture artificial pre¬ 
ventive fabncs fiom it (with the addition 
of plasticisers), artificial leather shoes, 
laincoats, etc. 

PolytetraHuoroethylene (Teflon) 

Teflon is obtained by the polymeri¬ 
zation of tetrafluoroethylene in the 
presence of a peroxide initiator. 


n CF = CF 
2 2 


-CF —CF 
2 2 



Teflon has very good stability to heat 
and cold. It remains solid even on 
heating up to 250—300° C but at tem¬ 
peratures above 600°C depolymeriza¬ 
tion starts. This causes difficulty dur¬ 
ing manipulation with pressuie mould¬ 
ing and stamping, Its chemical inert¬ 
ness, toughness, self-lubricating pro¬ 
perties and good electrical lesistance 
make teflon an excellent material for 
electrical insulation, chemically resis¬ 
tant gaskets, valves, diaphragms and 
other machine parts. Teflon finds use 


also in locket and aeioplane construc¬ 
tion. This is a substance that will he 
much used in the future. 

Poly (in e tliy lmethacryla tc) — (Plexiglass) 
Poly (mcthylmethaciylate) is, obtained 
by the polymerization of methylmetha- 
ciylate in the presence of a peioxide 
initiator. 


CH 


tlCH- C 
2 I 


COOCH^ 


CH, 
I 3 
CH-C- 
2 I 


COOCH. 




Poly (mcthylmethaciylate) is well known 
as organic glass. In some of its 
properties, it is much better than sili¬ 
con glass, Thus oiganic glass allows 
the passage of ultia-violct rays of light 
but silicon glass docs not. Further¬ 
more, it does not bieak into splinters 
and it is lighter than glass (specific 
gravity 1.2), Also known as aviation 
glass, it finds very wide use in the 
aviation, electrical and radio industries 
and in the manufacture of household 
utensils. 

Polystyrene 


n CH= CH- 
2 I 

° 6 H 5 


-CH-CH- 

i H s 


+■ Q 


n 


Polystyrene is a transparent glass 
from which it is possible to manufac¬ 
ture articles by mechanical methods 
(pressure moulding, etc.). At a tem¬ 
perature above 100° C polystyrene 
starts softening and after 150°C, it can 
be piessed, i,e., it can be moulded 
into any shape by hand. Polystyrene 
has veiy good dielectric properties 
and hence it is used in the electiical 
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and ladro industries and for tlic; pro¬ 
duction of household utensils. 

llUBBEIt 

The Structure of Rubber 
Chemical investigations have shown 
that rubber is a hydiocaibon with 
a high molecular weight. On dis¬ 
tillation, natural lubber decomposes 
with the evolution of isoprene. On the 
basis of this discovery it was assumed 
that rubber is a product of the poly¬ 
merization of isopiene—poly, isoprene— 
With the cmpnical formula (C B H 8 )„, 
The unsaiuraled character of rubber 
was shown by its reaction with bromine 
when bromine was added to it, giving 
a white insoluble product (C B H 8 Br.,)„. 
Especially important in this connection 
is the reaction of rubber wrtli ozone. 
The ozonide (C s H 8 O a )„ obtained, on 
hydrolysing with water gives laevuliruc 
aldehyde. 




CHO 


By the keto and aldehydic groups of 
laevuhnic aldehyde it is possible to 
determine the position of the double 
bonds in the unsaiuraled hydrocarbon, 
rubber. In 1922, on the basis of all 
the above-mentioned evidence, IT. 
Staudinger put forward a hypothesis 
which is now accepted. According to 


this hypothesis, natural rubber rs an 
unsaturated acyclic hydrocarbon built 
up of isopiene units which aie combin¬ 
ed to form long chains of caibon atoms 
The average molcculai weight of lub¬ 
ber was shown to be 100,000-150,000 
O.U. . ; ; , 

The Scheme of Formation of the Chain 



Isoprene 

2—methyl, butadiene—], 3 



Ozomzation and decompo¬ 
sition of ozomde 


0 -CH 



0 


Laevuhnic aldehyde 

Configuration of the Macromolecular 
Chain 

Alter mechanical stielching of rub¬ 
ber, with the help of X-rays it has been 
shown that rubber has a crystalline 
(orderly) structure, i.e., the macro- 
molecules aie oriented parallel to one 
another. In the unstretched condition 
rubber lias both crystalline and amor¬ 
phous parts existing together. Due to 
the large size of the molecules the 
macromoleculcs could orient themselves 
In such a manner that at one place 
they are parallel and at anothei place 
they are not.* Almost all the olefine 


■* See V. A. Glushenkov and C. Radhaltrishnan, “Synthetic High Molecular 
Substances' I”, School Science, June 1967, V:Z, 103-112. 
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chains of rubbci have a cis-configura- 
tion: 



Vulcanization of 11 libber 

When rubber is tieatcd with sulphur 
or sulphur monochloridc ($ ,Cl„) with 
the addition of a promoter foi the reac¬ 
tion, it turns into an elastic mass which 
ts termed vulcanized rubber. This re- 
nction was discovered -by Chailes 
Goodyear in 1839 and is well known as 
the process of vulcanization. Perhaps 
it is a piocess of formation of ‘bridge 
bonds’ between different chains of 
molecules. The linear structure of the 
molecules of rubber is thus turned into 
a 'net' stiucture by vulcanization. This 
piocess prevents the sliding of chains 
during stretching and improves the 
elastic pioperty of rubber. 

-C^-CH-CH- CH Z -C^- CM = CH-CH Z - • •• • 

3 

•• Qt^-CH-CH-C^— CH-CH- CH- L^-. 

S 

-Ah-CH-CH- ch-ch-ch- cm — 

4 | Z Z | | Z 

The vulcanized soft rubber contains 
one to five per cent of sulphur by 
weight. For saturation of all the 
double bonds of the molecules of poly- 
isopiene it is necessary to put in about 
32 per cent of sulphur by weight. The 
polymer obtained has a three-dimen¬ 
sional structure and is called ebonite. 
Ebonite is characterized by the absence 
of elastic properties, and poor stability 
at low temperatures (it breaks after 
0°C) and high hardness and- good di¬ 


electric properties. Ebonite is widely 
used in the electrical industry. 

The development of industry today 
is impossible without a highly develop¬ 
ed rubber industry. The world rubber 
Industry now uses more than four mil¬ 
lion tons of rubber, of which more than 
two million tons is synthetic lubber. 

Synthetic Rubber 

In 1928, the Russian scientist, G. V, 
Lebedev, discoveied the conditions 
under which ethyl alcohol could he 
converted in a single stage into buta¬ 
diene with a good yield. 

» 

ZCHj-CH-OH^dfi^S CH = CH-CH - CH^ IHf + 4, h 9 

Lebedev’s method for preparation of 
butadiene from alcohol and its conver¬ 
sion into rubber suitable for vulcaniza¬ 
tion was adopted for industrial exploita¬ 
tion, and the first plant for producing 
synthetic lubber was built in 1932 in 
the Soviet Union. The discovery of the 
industrial method for preparation of 
synthetic rubber is a scientific achieve¬ 
ment of a high ordei. In Germany the 
production of synthetic rubber started 
in 1937 and in the U.S.A. in 1942. But 
Lebedev’s method for the preparation 
of synthetic rubber is now being re¬ 
placed by Bezov’s method (the pro¬ 
duction of monomers as a bye-product 
of the oil industry). But the first 
method could be profitable 'for some 
time more provided ethyl alcohol is 
obtained from inedible raw materials. 

Nowadays many kinds of synthetic 
rubber are available and some of them 
have better properties than natural 
rubber. 
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Some Important Synthetic Rubbeis 

1 , Sodium—Butadiene Rubber. Synthe¬ 
tic sodium—butadiene nibber was first 
pioduccd in 1932 by Lebedev’s 
method, Sodium was used as a cata¬ 
lyst in this process. Sodium perhaps 
produced an ionic compound with buta¬ 
diene. This ionic compound could 
attract a large number of molecules of 
butadiene not only in 1, 4 positions, but 
also in 1, 2 positions: 


CH= CH-CH = CH 

. 2 It . 2 

CH- CH= CH — CH 
2 2 


+2KQ-V NQ ! CH 2 “CH = CH-C^* NL 


NO * CH- CH - CH—CH 
X 2 2k 


" Nd + CH-CH** CH-CHI 

: ‘i L 2 il 


The structure of polymers of buta¬ 
diene is more complex because they 
contain side-chains. Sodium butadi¬ 
ene rubber is available for common use. 
It is used in vulcanized form for pro¬ 
duction of difEeient kinds of goods such 
as toys, household articles, etc. Il also 
finds wide use in industry Nowadays 
many modifications of this type of nib¬ 
ber like Buna-S and Buna-N are availa¬ 
ble but all of them get swollen in 
petrol and kerosene. 


2. Chloropiene Rubber 



itself has the ability to polymerize very 


easily. Even at room temperature it is 
possible to obseiye the polymerization 
of chloiopiene with the oxygen of air as 
initiator. For ten days the process goes 
on through the formation of hncai poly¬ 
mers, leading to the formation of three- 
dimensional structures. 

Polycliloroprene is howevei prepared 
by the polymerization of chloropiene 
in the presence of potassium peisulphate 
as an initiator. In the U.S.S.R. chloro- 
prene rubber is manufactured under 
the name of ‘naeiet’ and in the U S.A. 
as ‘neoprene’. 

This mbbei is characterized by a 
good deal of mechanical strength, non- 
inflamabihty and resistance to the 
action of liquid combustible oils (mine¬ 
ral oils). It is used for the manufac¬ 
ture of conveyoi belts, cable covers and 
rubber tubes foi the tiansportation of 
oil pioducts, and in automobile and 
aeioplane parts and othei industrial 
machinery However, vulcanized 
polycliloroprene is not so good as na¬ 
tural rubber in its elastic properties and 
stability to cold. 

3. Isoprene Rubber (Polyisoprene) 

CH — CH — c— CHI- 

2 I 2 

3 

Polymerization of isoprene takes 
place in solution in the presence of 
metal organic compounds of lithium, 
aluminium and other metals (substances 
similar to Ziegler’s catalyst), The use 
of such a catalyst has helped m die 
synthesis of a stereo-regular molecule of 
the polymer with a cis-configration. 
The industrial method for the synthesis 
of stereo-regular polyisoprene was made 
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possible by the work o£ A. A. Korotkov. 

Stereo-regular polyisoprene is quite 
like natural rubber. It has a good deal 
oi mechanical strength and elasticity. 
This rubber is used in the manufacture 
of tyres for heavy duty vehicles, and 
high speed automobiles and ah craft. 

4. Buiijl Rubber. Butyl rubber is a 
co-polymer of isobutylene with a small 
quantity (up to 5 per cent) of isopiene. 
This mixture is polymerized at 100° C 
in the presence of catalysts, usually 
aluminium chloride. Tiro addition of 
isoprene gives a polymer possessing 
units with double bonds. Therefore 
such a polymer could be vulcanized 
with a loose-knit net structure. This 
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rubber combines elasticity with stabili¬ 
ty to cold and resistance to the action 
of conosive liquids. Owing to its im¬ 
permeability to gases, it is an excellent 
material for the manufacture of tubes 
for automobile tyres. Because of its 
very important properties and its sim¬ 
ple method of production, butyl rub¬ 
ber is bound to find increasingly greatei 
use in future, 

The foregoing is a slioit account of 
some synthetic high molecular subs¬ 
tances which are becoming moio and 
more important in our lives, besides 
playing an increasingly significant lole 
in the national economy of every coun- 
liy in the woild, 



The Rhythm of 
Light and Life 

J3i:rtha BaciGiirman 


F ROM die veiy beginning of its 
existence the earth has mtatecl on its 
axis once a clay and has desciibed an 
oibit around the sun once a year. As a 
result, conditions on earth change from 
day to day and fiom month to month 
as the seasons pioceed thiough their 
annual cycle, Wliatevei conflicting 
views there may be about the origin of 
life on earth, it is unanimously held 
that there was light and an alternation 
of light and darkness before life was 
boin, This life had therefore to adjust 
from its veiy beginning to the alter¬ 
nation of light and daikness and to the 


seasonal changes of lengthening and 
shortening days. 

Until the twentieth centuiy it was 
believed that fluctuations m temper a- 
lure or the intensity of light or rainfall 
v ere responsible foi all biological hap¬ 
penings connected with the changing 
of the seasons. Not until about 1900 
was it discoveied that the cyclical 
changes in the length of day, at least 
in the higher latitudes, are of much 
greater importance in this respect than 
those of temperature, light intensity 01 
lamfall. 

Living organisms have adapted them¬ 
selves in dual fashion to the rhythms of 
light and darkness on earth. In the 
first place they can leact to the seasonal 
changes of longei and shorter days, and 
in the second place they display re¬ 
actions to the daily altei nation of light 
and darkness, I should like to consider 
bo til kinds of reactions here, These re¬ 
actions occur among plants and animals, 
I shall confine myself exclusively to the 
latter. It is precisely because botanists 
and zoologists cooperate so closely in 
this field that this aspect of leseaich is 
developing and widening at such a rate. 
I shall discuss the influence of the 
length of day only with regard to those 
animals that spend at least a part of 
their lives in the temperate and polar 
tegions of the eai tli; in this respect the 
leactions of animals to the climatic 
conditions of die tropics form a pro¬ 
blem apart. For the same reasons, a 
discussion of die periodicity connected 
with the phases of die moon and with 
the tides will also have to be omitted. 

First of all let us discuss the reactions 
of animals to the change of the seasons, 
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Many kinds of animals, including a lax go 
number of birds and fishes, migrate to a 
given region where food is available 
and the temperatme favours rearing of 
the young, In the case of most species, 
the adult animals and the young then 
leave to spend the rest of the year m 
another region wheie the conditions of 
life are more favourable during that 
period than in lire breeding area. Tire 
following year Lliey migiate again to 
the bleeding area, and history repeats 
itself. It is therefore of the greatest 
importance for the survival not only ol 
these migratory species, but also foi 
that of othei species piactising seasonal 
leproduction, that they react in good 
time to the changing seasons. In fact, 
the situation even appears to be that 
the migiatoiy animals, as it were, anti¬ 
cipate this change: they leave the 
breeding area even before the unfavour¬ 
able season has leally begun. 

The first question that may be asked 
is: Wliat factors from the outside world 
are responsible for the occurrence of 
migration and reproduction? As in¬ 
stances I should like to discuss very 
briefly the research done into this on 
an American migratory bird, the junco 
(lunco hiemalis ), and a migratory fisli, 
the three-spined stickleback ( Castero- 
steus aculeatus). It was found that 
before these animals start to migrate 
tliev undergo a ccitain internal physio¬ 
logical change; once this has happened, 
(he disposition to migrate is said to 
have been induced. It is supposed that 
the animals have now become suscepti¬ 
ble to all kinds of external (and perhaps 
also internal) stimuli which initiate the 
migratory behaviour proper. The re¬ 
sults of die experiments with die junco 
and die three-spined stickleback may 


be summarized by saying that m both 
die disposition to migiate is induced by 
the lengthening days in the spiing. 
This condition was not achieved if the 
length of day was kept artificially short 
from a certain time in autumn onwards. 
The reproductive behaviour following 
migration also proved not to occur 
during these short days, though it did 
when the animals weie exposed to a 
relatively long clay, and the longer the 
day, die sooner the repioductive condi¬ 
tion was reached. It was also possible 
to demonstrate that the end of the re¬ 
productive season and the ensuing in¬ 
duction of the disposition to migrate 
are in turn lnglily dependent on the 
length of day and that, moreover, an 
autonomous internal factor plays a pait 
in this. In this respect temperature is 
of much less importance fox both ani¬ 
mals; it has been experimentally shown 
that, once the length of day has started 
off the processes, tcinperature can only 
accelerate or retard them, but cannot 
induce them itself. 

I should like to point out that, when 
I speak in this context of lengthening 
or shoitening days, I do not mean diat 
it is this increase or decrease as such 
which is important, but the longer or 
shorter total horns of daylight; it has 
been possible to establish this experi¬ 
mentally. 

Besides die junco and the three- 
spined stickleback, there are many 
other species of animals; both verte¬ 
brate and invertebrate, which have 
synchronized their ways of life with the 
changes in the length of the day and 
have in dris way ensured their continu¬ 
ed existence. I should like to mention 
a few examples. Like birds and fishes, 
mammals in temperate and polar re- 
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gions also have their reproductive 
season confined to a certain time of the 
year In mammals, which male and 
produce then young in the spring, this 
behaviour is likewise found to ho 
caused by die lengthening days. But 
there are also a number of species 
winch mate in autumn, such as deer, 
and the mating behaviour of these ani¬ 
mals also proves to be induced by the 
length of day, though in this case by 
the shortening days of autumn. Viewed 
functionally, this is for these animals 
the most suitable Lime of the year to 
display mating behaviour, since the 
period of gestation is very long 
(eight months) and in this way they can 
give bhth to the young in the climati¬ 
cally favouiable spring. 

Howevei, animals make use of the 
changing length of day not only for die 
occurrence at the right time of migra¬ 
tory and reproductive behaviour, but 
also for maintaining all kinds of other 
adjustments. For instance, short days 
in die autumn cause the thick winter 
coat of mammals to grow, which is then 
replaced by the summer coat die next 
spring as a lesult of the day’s lengdien- 
mg. Adjustments to the lengdi of day 
also occur among many lower species 
of animals, including insects. The short 
days of autumn, sometimes in collabora¬ 
tion widi the temperature, induce m 
many of them a kind of hibernation 
(called ‘diapause’), in which they spend 
the unfavourable season. This diapause 
is again terminated in the spring by the 
increasing hours of daylight, likewise 
in collaboration with die temperature 
in some cases. 

All these examples make it quite 
clear that an impoilant part is played 
by photo-periodism in the life of most 


animals. Their survival is based entire¬ 
ly on their leacting correctly and in 
good time to changes in the length of 
days as the seasons elapse. Fiom the 
functional point of view it is obvious 
why such a marked adjustment has 
developed to the length of day and not, 
for instance, to temperature or rainfall. 
For, in the temperate and polar regions 
there is absolutely no otliei factoi which 
goes thiough the same cycle with such 
legulaiily and without any variation 
from year to year. 

The following question must be ans- 
weied. What really goes on in the 
animal itself when it is exposed to a 
certain length of day? By way of ex¬ 
ample I shall discuss the lesearch that 
has been done on this subject with le- 
gard to reproduction among birds. It 
has been possible to demonstiate that 
in the reception of light stimuli there is 
close collaboration between the central 
nervous system and the endocrine sys¬ 
tem (composed of glands secreting hor¬ 
mones), whilst specialized nerve cells, 
known as ncuio-secietory cells, form the 
link between these two systems. By 
vaiious paths through the brain the 
light stimuli reach the hypothalamus, a 
very impoitant pait of the biain. Here 
arc located the neuro-secretory cells 
which, under the influence of that stimu¬ 
lus, proceed to produce a lessei or 
greater quantity of a substance called 
neuro-secretion, which affects the hor¬ 
mone-producing activity of the hypo¬ 
physis. The hypophysis is a highly im¬ 
portant gland which lies immediately 
under the hypothalamus and in its turn 
can regulate by means of hormones the 
hormone-secreting activity of a large 
number of other glands, including the 
sex glands, the thyroid gland and the 
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cortex of the adicnal glands, Finally, 
reproductive behaviour piovcs to occur 
when theie is a high level of sex hor¬ 
mones in the blood. 

To sum up, it may be said that a 
long day influences reproductive beha- 
vioui through stimulation of the hypo¬ 
thalamus-hypophysis system, which in 
its turn stimulates the sex glands to pio- 
duce laiger quantities of sex hormones, 
while the lattci are ultimately respon¬ 
sible for the occuirencc of reproductive 
behaviour, 

The hypothalamus-hypophysis system 
also plays an important pait in inducing 
the migration disposition in birds and 
fishes, although we are less informed 
about the hormones which aie involved; 
in the ease of the thrcc-spincd stickle¬ 
back it has been shown that in pai ti¬ 
tular the hormones of the thyroid gland 
play an important lole. In invertebrate 
animals, which are of quite a different 
anatomical structure, wc can still see a 
striking similarity to vertebrates as re- 
gauls leactions to the length of day. 
here, too, neuio-secietory cells form the 
link between the nervous system that 
conducts the light stimuli and hoimonc- 
sccieting glands which influence beha¬ 
viour, 

Thus, although we nowadays have 
some idea of how the stimuli of light 
and daikness may influence behaviour, 
the picture which it has been possible 
la foim of a number of the links involv¬ 
ed is still veiy imperfect. For instance, 
wc do not yet know how the stimulation 
proceeding from periods of light or 
darkness can enhance or inhibit the 
activity of the neuro-sccretory cells in 
the hypothalamus, nor do we have a 
proper understanding of the nature of 
neuio-secretion and the way in which 


this can affect the hypophysis. Further¬ 
more, we have been able to obtain only 
a supeifleial picture of the manner in 
which hormones can affect beliavioui. 

Finally, it might be asked how ani¬ 
mals aie capable of reacting by different 
forms of behaviour to a short and a 
long day. In gonenil, one speaks in 
this connection of the exceeding of a 
more or less cleaily delineated critical 
length of day, as a result of which cei- 
tain processes are stimulated or inhibit¬ 
ed. It is, howevei, shange that until re¬ 
cently nothing definite had ically evei 
been said about the way in which the 
animal determines whether this critical 
length of day has been exceeded or not. 
But in recent yeais a small number of 
scientists have postulated that the basis 
of the mechanism with which a distinc¬ 
tion is made between long and short 
days ought to be sought in the ‘bio¬ 
logical clock’ that forms the foundation 
of a daily peiiodieity m sensitivity to 
light, 

For the moment I cannot discuss this, 
because foi a proper understanding of 
it one first should know something about 
the reactions of animals to the daily 
periodicity of light and darkness. 

As we all know, animals have ad¬ 
justed to the daily rhythm of light and 
daik, and we speak of nocturnal, diur¬ 
nal and crepuscular animals, depending 
on whether they are most active at 
night, by day or in the twilight. The 
following example may serve further to 
illustrate this adjustment to the daily 
rhythm of light and dark. 

The white-footed mouse (Perornijscus 
lencopus) is a typical nocturnal animal, 
because every day it becomes active 
about half an hour after dark. Towards 
morning its activity giadually declines 
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and foi the lest of the clay it is inactive 
until darkness falls again. Irrespective 
of whether it is exposed to twelve houis 
of light followed by twelve hours of 
darkness, oi, foi instance, to eight horns 
of light and sixteen hours of daikness, 
01 vice versa, it always proves to be¬ 
come active about 30 minutes after the 
light has gone. Il might be concluded 
from this that the light/dark stimulus 
is the only factor that determines when 
the animal is to become active. But 
further research has shown that this 
is much too simple a picture. Tests in 
which the animal was exposed to conti¬ 
nuous light or continuous darkness at 
constant temperatuie illustrated this: 
even under these most exceptional 
conditions there pioved to be an activity 
lliythm of about 24 hours between the 
moments at which the animal became 
active, whilst in continuous darkness 
this period was spmewhat shorter than 
24 hours. This theiefore shows that 
the rhythmical behaviour must he 
caused by something inside the mouse. 
For under these conditions the external 
light/dark stimulus was absent. The 
fact that the lhythm has a period that 
deviates from 24 liouis at the same time 
proves that the animal did not react to 
othei possible external factors which 
were not kept constant, as for instance 
ionizing and cosmic rays or electromag¬ 
netic fields, which have a periodicity 
of exactly 24 hours because they are 
connected with the earth’s rotation. 

We must therefore assume that the 
rhythm of the activity has an internal 
cause. Such a rhythm that is caused 
endogenously and has a periodicity 
cliffeiing fiom 24 houis is called a circa¬ 
dian lliythm, from ‘circa’ and 'dies’. 

Besides this lliythm in activity we 


also know of some fifty other processes 
in the mouse which likewise display a 
daily periodicity. I shall mention a few 
of them. Body temperature is at its 
highest about midnight and at its lowest 
aiound noon. The maxima and minima 
of this rhythm thus coiiicide with those 
of the activity (they aie caused by it), 
and these two rhythms aie said to be 
in phase. The numbei of eosinophilic 
cells in the blood (these are a kind of 
white corpuscle) displays a lhythm 
with an opposite phase: the highest (or 
lowest) number of eosinophiles occurs 
precisely at the time when the activity 
and temperature aie at theii lowest (or 
highest), A furthei important point is 
that undei noimal conditions these 
phase interrelationships are strictly 
maintained. 

Now wheie must we seek the cause 
of these rhythms? It has been possible 
to demonstrate experimentally that the 
thiee rhythms mentioned are dependent 
on a fouith rhythm that must be sought 
in the adrenal coitex: if the adional 
glands are suigically removed these 
rhythms disappear entirely. I have al¬ 
ready mentioned in passing that the hor¬ 
mone-secreting activity of the adrenal 
coitex is legulated by the hypothalamus- 
hypophysis system. Now when this lat¬ 
ter system is put out of action surgically 
in a normal animal, the above rhythms 
continue to occur, though to a lessei 
extent. On the basis of this and othei 
tests it is now assumed tha.t the cause of 
these rhythms must he sought in an 
endogenous ciicadian lliythm in the 
secretion of cortical hormones, the hypo¬ 
thalamus-hypophysis system being res¬ 
ponsible for synchronization with the 
daily light/dark stimulus. 

Although the hormones of the adrenal 
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cortex play a major role in tlie regula¬ 
tion of very many life processes, there 
are nevertheless no indications that all 
the rhythms occurring in the mouse 
originate m this organ, But the example 
clearly shows how complicated these 
matters are and how it must be con¬ 
stantly realized that cause and effect 
are often difficult to distinguish from 
one another. 

The stimulus of the transition from 
light to darkness or vice versa proves 
in nature to be the principal synchroni¬ 
zing factor in mosL animals. However, 
in the absence of this stimulus, or in 
cases in which this offeis functional ad¬ 
vantages for an animal, other external 
factors may act as synchronizers. Chief 
among these is a periodical rise or fall 
of temperature. 

We can now go into the matter of 
how it can be that internal rhythms 
occur which work with the precision of 
a clock. What enables an organism to 
measure time, and how must one con¬ 
ceive of such a biological clock? 

Though a particularly large amount 
of research is being done on this sub¬ 
ject, we have really got not much fur¬ 
ther than a definition of the properties 
of such clocks and the devising of 
mathematical and jrhysical models ac¬ 
cording to which such mechanisms 
could work. It is supposed that bio¬ 
logical clocks must be sought at cellular 
level and that they are based on bio¬ 
chemical and/or biophysical processes. 
Of the biochemical processes that might 
play a part, I shall mention only the 
synthesis of ribonucleic acids, and of 
the biophysical processes, those con¬ 
nected with the transmission of energy 
(as in the mitochondria, among others). 

A very striking property of biological 


clocks is the fact that, within the limits 
of some tens of degrees, they are practi¬ 
cally insensitive to changes in tempera¬ 
ture. This propeity makes it hard for 
many scientists to understand how in 
that case those clocks could be based 
on biochemical processes, which are 
known to be highly sensitive to changes 
in temperature in most cases. A number 
of them therefore believe that the cause 
must be sought rather in biophysical 
processes, which afei all do possess the 
property of being practically immune to 
fluctuations in temperature. 

However difficult it may be to explain 
this insensitivity of the clocks to the in¬ 
fluences of temperature, it is clear that 
this pioperly is of the greatest import¬ 
ance to the organism. For, if the clocks 
wcie susceptible to fluctuations in tem¬ 
perature, they would soon be running 
fast or slow in respect of sun time and 
then nothing would come of the special 
adaptations which the animals display 
to Lhe rhythm of night and day. As an 
instance of such an adaptation we have 
ahoady mentioned that animals are 
active either by day or by night or in 
the twilight; tlieir whole way of life is 
adapted to this. The biological clock 
also plays a very important part in the 
orientation of birds, fishes and insects. 
When these animals move about (for 
instance, birds and fish migrating to or 
from their bleeding area; bees flying 
to and from the hive) they must be 
able to orient themselves to find the 
way. Most species do so with the aid 
of the sun’s position. But since the sun 
constantly changes position in the course 
of the day, a correction has to be applied 
for this in orientation. These animals 
apply this correction by means of a 
biological clock, which tells them what 
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the exact tune is and xvhat coriection 
they have to make to their direction 
of flight, etc., to find or stay on the 
light course. 

I should now like to consider foi a 
moment what major effects the occur¬ 
rence of many kinds of rhythmical pro¬ 
cesses m all organisms, from unicellular 
ones up to and including man, has on 
those organisms. As a result of these 
rhythms animals piove not to be equally 
sensitive to external stimuli at every 
moment of the day or night. To cite a 
striking example: when mice were ex¬ 
posed in the evening at 9 p.m. to a cer¬ 
tain dose ol X-ray iiradiation, the lcsult 
was that these animals died within two 
weeks. But when other mice received 
exactly the same dose twelve hours 
later (that is to say, at 9 a.in,) they 
did not suffer the slightest injurious 
effect. The same applies to the ad¬ 
ministering, of bacterial endotoxins; de¬ 
pending on the moment of the day at 
which a certain dose is administered, it 
will be either fatal or practically harm¬ 
less, Repetition of this kind of test al¬ 
ways gives the same result; these find¬ 
ings cannot therefore he based on 
chance but are caused by a daily periodi¬ 
city in the sensitivity of the organism, 
For instance, a daily periodicity has 
also been demonstrated in susceptibility 
to doses of hormones (such as giowth 
hormone, gonadotropic hormones, insu¬ 
lin), to carcinogenic substances and, in 
the case of man, to baibiturates and to 
the psychotherapcuticum librium. 

It has further been found that animals 
also display a daily periodicity in their 
sensitivity to light. This is a property 
which might be of the greatest impor¬ 
tance because, as I have already men¬ 
tioned, it may form the basis of the 


seasonal peiiodicity. The trend of this 
light-sensitive process might be imagin¬ 
ed to be as follows. It is initiated by 
the transition fiom daikness to light at 
the beginning of the day. As a result 
the animal now becomes increasingly 
sensitive to the effect of light, until after 
a ccitain period of time a maximum is 
reached, whereupon the sensitivity 
gradually decreases until it becomes 
light again the next day. Once this 
process has got under way it continues, 
even if it becomes dark again after a 
shorter or longer time. 

Now if, to give an example, the day 
is so slioit that the maximum sensitivity 
is not reached, the animal will react to 
this as to a shoit day. But if the day 
lasts so long that die optimum is attain¬ 
ed, if m other woids the duration of 
light exceeds the critical length of day, 
iho animal will icact to this as to a 
long day. This is the way in which the 
biological clock which regulates the 
daily sensitivity to light is envisaged as 
also being able to form the basis of the 
seasonal periodicity. 

As stated, there is a fixed i elation in 
time between the various processes 
taking place m an organism. Think of 
the relationship between activity, tem¬ 
perature and number of eosinophilic 
cells which we encountered in the 
white-footed mouse, The existence of 
these fixed interrelationships also has 
important consequences for an organ¬ 
ism. Inteiruption of these relationships 
may have more or less serious effects 
on the organism and in extreme cases 
may lead to the formation of malignant 
tumours. Even a faiily simple change 
in external conditions may disturb this 
relationship and cause desynchroniza¬ 
tion of the various rhythms. If, for ins- 
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lance, an organism is used to tile fact 
that the light goes off every day at 
0 p.m., and this situation is suddenly 
changed in such a way that the light 
fjom then on goes off six horns later, 
the organism proves to need two to four 
days to adjust to the. new situation. It 
also emerged that one rhythm adjusts 
much more quickly than another, so 
that during this peiiod of adjustment 
there is a desyneliionr/ation between 
the various rhythms. Now, when such 
manipulations were continued for a 
long time, so that the animals weie in 
a constant state of desynchronization 
(as was done m experiments with cock¬ 
roaches), these animals developed intes¬ 
tinal tumours which in extreme eases 
even became malignant. Such a desyn¬ 
chronization of rhythms can also occur 
under constant exposure to light or in 
continuous darkness (at constant tempe¬ 
rature), since in the absence of a com¬ 
mon external synchronizer evciy rhythm 
pioceeds to display its own period, 
which may differ moic or less strongly 
from 24 houis. 

We may therefore conclude that for 
the well-being of an oiganism it is of 
the utmost importance that the various 
rhythms aie maintained. 1 shall come 
back to this in a momeut. 

Finally, I should like to consider in 
somewhat greater detail the occurrence 
of rhythms in man and the consequen¬ 
ces which this may have for him. 

It has been demonstrated that in 
man, too, a large number of processes 
occur that display a daily periodicity. 
Such processes aie to be found in all 
the important physiological systems, 
lucli as the circulation of the blood, 
respiration, digestion, excretion, and in 
the nervous and endocrine systems. A 


striking phenomenon is that piactically 
no rhythms occru in new-born babies 
and that they do not develop simultane¬ 
ously, but one aftei the otliei. To cite 
a tow instances: in the second or third 
week after birth a rhythm develops in 
the quantity of mine excreted, although 
the rhythm in the cxcietion of sodium 
and potassium does not appeal until 
after the second month. The rhythm 
of body temperature begins to manifest 
itself m the third week, whilst that of 
the heait-bcat appears about the sixth 
week. A noteworthy feature is that the 
iliythins of heartbeat and sleep deve¬ 
lop at a later stage after birth m pre¬ 
mature. babies than they do in nonnal 
ones, on the strength of which it is sup¬ 
posed that the. lime of occunence of 
\ arious rhythms depends not so much 
on a fixed period of exposure to a syn¬ 
chronizing environment as on a certain 
stage that must be. reached in develop¬ 
ment. 

Of gioat importance to what is to be 
discussed next is whether these rhythms 
are a result of man’s habits of life, or 
whether they aie of endogenous origin. 
We have seen from the tests on animals' 
that the best way of investigating this 
is exposuie to continuous light or to 
continuous darkness. It is, of course, 
difficult to peiform such tests on men; 
nevertheless, valuable data have been 
obtained fiom the examination of per¬ 
sons slaying temporarily or permanent¬ 
ly in the polar regions, where there is 
continuous light in the summer and 
continuous darkness in the winter. 
Moreover, foi a number of years obser¬ 
vations have been performed on people 
who lived on Spitsbergen for six weeks 
in the summer under strictly super¬ 
vised conditions. These people were 
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divided into two gioups and then- 
rhythm of activity and rest was deter¬ 
mined by means of watches that weie 
made to keep time ‘wrongly’. One 
group had watches according to which 
the day lasted 27 hours instead of 24, 
the other gioup had a 21-hour day. All 
these investigations levealed that the 
rhythm of body temperature quickly 
adjusted to the new activity rhythms of 
27 and 21 hours. So did the rhythm of 
the quantity of urine produced, but 
much moie slowly; in the case of some 
people it took two or three weeks. 
However, the rhythm m the excretion 
of potassium did not adjust at all, hut 
continued to display a penod of about 
24 hours; this- is theiefore a genuine 
endogenous encadian lhyllun. 

Other research indicates that there 
are still more piocesses m the human 
body with an endogenous rhythm as 
the basis. It may theiefore be said that 
man’s physiological system is subject 
to a periodicity of 24 hours, which has 
in part an endogenous origin, and has 
important consequences, especially for 
modem man. 

The twentieth centuiy, the century 
of growing industrialization, has seen 
the advent of shift work round the 
clock. Furthermore, an inci easing 
numbei of industries use assembly lines. 
In the latter it has long been known that 
people do not work with equal effi¬ 
ciency at every moment of the day or 
night. Workers who start at 6 a.m. 
gradually become more and moie effi¬ 
cient until a peak is reached at about 
9 or 10 a.m. About noon a slight re¬ 
lapse occurs, which has been experi¬ 
mentally shown to be only partially 
connected with giowing hunger or with 
a feeling of satiation after eating. This 


is then followed by a slight rise again, 
which at the end of the afternoon be¬ 
comes a definitive decline. This curve 
m the tiend of efficiency at work has 
been given the name of the physiologi¬ 
cal labour curve. Firms using an as¬ 
sembly line have tried to utilize this 
knowledge by adjusting the speed of 
the assembly line to this curve or, if 
this did not piove feasible, by adapting 
the number of parts to be assembled to 
it. The result was that the workers 
found the woik less strenuous and in 
some cases production increased by five 
to ten per cent. 

Shift workeis usually have their turns 
of duty planned in such a way that they 
have, successively, the early shift, the 
late shift or the night shift; they usual¬ 
ly change to a difleient duty every 
week. Consequently, these people are 
regularly subject to an eight-hour dis¬ 
placement in their periodicity phase. 
It has been found that it takes most 
people about four or five days before 
all their rhythms have adjusted fully to 
(lie new situation, during this whole 
period of lime their lliythms are there¬ 
fore desynchronized. As the workeis 
undergo such a displacement in then- 
periodicity phase every week, they are 
m actual fact in a constant state of 
desynchronization and readaptation. As 
tests on animals have shown that lengthy 
desynchronization of lhythms may give 
use to pathological phenomena, these 
workers are really in a highly unfavour¬ 
able situation. Doctois attached to the 
factory inspectorates of the various in¬ 
dustrialized countries therefore often 
advocate a change of shift not every 
week, but preferably aftei two weeks 
or longer. However, this has proved 
impossible in practice, since a worker 
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who has to rest during the day does not 
get enough sleep and is already over¬ 
tired after a week. On the one hand 
this is again a consequence of the 
existence of rhythms, which simply 
make it less easy for man to sleep dur¬ 
ing the day than at night; on the 
otliei hand this is aggiavated by daytime 
noises, which are particularly tiouble- 
some in modem homes with their poor 
sound-proofing. Nowadays there arc 
strong indications that the almost con¬ 
tinuous disturbances of the phase intei- 
1 elationsliips of the rhythms, at least in 
the ease of many of these workers, aie 
one of the icasons for the exceptionally 
largo number of more 01 less serious- 
mental and physical complaints among 
these people. 

In various otliei fields, too, modem 
man may be confionted by the fact that 
lie is subject to a daily periodicity of 
his life processes. For instance, aiilines 
must lake this into account when draw¬ 
ing up the duty rosters for the crews of 
their airciaft. Every one of us who has 
ever flown a great distance in a jet from 
west to east or vice versa knows that 
[or a number of days after the trip the 
sensations of sleep and waking and of 
hunger come at the times usual before 
the trip, which of course do not at all 
match local time any moie, Conse¬ 
quently, if possible, the crew’s duty 
roster is always drawn up in such a way 
that these people do not have to 
undergo such phase shifts too often. 
Finally, the astronaut is also faced 
with these problems. When he circles 
the earth in his space craft, e.g., every 
three or four hours, it becomes light or 
dark with the same frequency. A pos¬ 
sible effect of these ‘short days’ may be 
nullified by applying continuous illumi¬ 


nation, but caie will have to be taken 
with this, too, since as the animal 'exIs 
have shown, a desynclnonization may 
occur between the various lhythms 
under such circumstances, too. A possi¬ 
ble adverse effect of this continuous 
illumination (which is also coupled 
here, with a constant temperature) will 
therefore have to be compensated for 
in some way or the olhci, e.g., by ap¬ 
plying a strictly enforced alternation of 
work and rest. Observations have been 
made among futiue astronauts concern¬ 
ing the effects of, for instance, alternat¬ 
ing four hours of woik with four of iest, 
or eight hours of woik with eight of 
rest. Measurements of the efficiency 
with which they pcrfoiimed vaiions 
tasks demonstrated that a penodieity of 
about 24 hours continued to exist. It 
is tlierefoic coining to he generally lea- 
lized that if man lives under artificial 
conditions of continuous illumination 
and unifoim tempeiaturc, he will have 
to impose on himself a rhythm in the 
alternation of work and rest with a 
peiiod that does not differ too gieatly 
from 24 hours; if he docs not adhere to 
this he may endanger his health. 

Having come to the end of my sur¬ 
vey of the rhythm of light and life, I 
should like to say the following in con¬ 
clusion. 

I hope that I have been able to make 
it clear to you why the biologist m 
particular is so interested in the pheno¬ 
mena of periodicity. For, moie than 
anyone else, lie is confronted again and 
again with the universal occunence and 
the many fascinating aspects of these 
phenomena. It is therefoic logical that 
he has set about trying to find an 
answer to all the questions that anse in 
connection with their causation, their 
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function and their development in the 
couise of evolution. Many of these 
questions will have to be answered by 
l, is own research, but for an answer to 
otheis he will have to call on the bio¬ 
physicist, the biochemist, the. physicist 
and the mathematician. It is pleasing 
to see that precisely this field of 10 - 
scarch offeis a splendid instance of 
close and paiticularly fimtful coopera¬ 
tion between the repiesentativcs of all 
these fields of scientific study. 


I hope, too, that I have been able to 
demonstrate to you that a thorough 
Lindeistanding of the causes and effects 
of periodicity phenomena is important 
not only to the biologist; the physician, 
the psychologist, the sociologist and the 
economist also benefit equally from it. 
They all must icalizo that peiiodicity 
is inherent m all phenomena of life and 
that tins fact has consequences which 
are of the very greatest importance to 
man’s well-being. 



Classroom 

Experiments 


Buoyant Force and 
Archimedes’ Piinciple 

K. J. Kiiurana 


T HE presence of an upward buoyant 
force acting on a body immersed 
in a liquid can easily be demonstrated 
with the help of the apparatus shown 
in Figure 1. 

In this apparatus a body is suspend¬ 
ed from a spiing. The length to which 
the spring is stretched is noted against 
a pointer fixed on the stand just oppo¬ 
site the pointer fixed at the lower end 
of the spring. The body is now im¬ 
mersed in water contained in a glass 
beaker. The spring contracts as evi¬ 
denced by the upward movement of 
the pointer attached to the spring, 
to a position above the reference 
pointei, Had the body not been im¬ 
mersed in water, the pointer attached 
to the spring could still have been mov¬ 
ed upward by applying some upward 



Fig. 1. The lower surface of the body 
experiences a greater force than the up¬ 
per one; thus a buoyant force is created 

1. Height of fluid above the body 

2. Height of the upper surface of the fluid 
above the lower surface of the body 

3. Force pressing the body downwards 

4. Upward force experienced by the body. 

force at the lower suiface of the body 
(c.g, by giving it a push with a finger). 
Evidently there is something that 
pushes the body up when it is immer¬ 
sed in water. What is this something? 

When the body is immersed in water, 
the water surrounding it exerts pressure 
on it from all sides. The pressures on 
the sides cancel out one another, But 
the pressure acting on the lower sur¬ 
face of the body is always greater than 
that acting on its upper surface. This 
is so because the lower surface is al¬ 
ways submerged to a greater depth. A 
buoyant force acting upward appears 
due to the difference in these two forces 
—a smaller force acting downwards on 
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the uppei surface of the body, and a that the magnitude of the buoyant 
larger force acting upwards on the force depends on the "volume of the 
lower surface of the body. For the body immeised m the liquid and is 
same leason otlrei liquids also exert a diiectly proportional to the volume of 
buoyant foice on bodies immersed in the body. 

them. Using liquids of different specific 

To the question, ‘On what does the gravities (e.g,, watei, alcohol, aqueous 
magnitude ol a buoyant force depend?’ salt solution) it can be demonstrated 
several answers may be suggested. Tire with this apparatus that the higher the 
above apparatus can be used to investi- specific giavity of the liquid the greater 
gate and verify the accuracy of these is the buoyant force (Figure 4). 
answers. For example, an experiment Figure 5 suggests an experiment to 
on the lines suggested in Figure 2. demonstrate that a body immeised in 
shows that the value of the buoyant a liquid experiences a buoyant force 



Fig 2 The lower arrow on the holder shows how much 
the spring stretches under the action of the body’s weight 
in the air. The upper arrow shows how much the spring 
stretches when two cylinders of equal volume are immersed 

in water 

1, Equal compression of the spring in both cases 

2, Iron cylinder 

3, Lead cylinder, 

force does not depend on the weight of equal in magnitude to the weight of 
the body immersed in the liquid. Simi- the liquid displaced by it. The principle 
larly the experiment suggested in expressed in this statement is known as 
Figure 3 can be used to demonstrate Archimedes’ principle. 
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Fig 4. A greater force acts on the body when it is 
immersed in a liquid with greater density 
1. Water 
2 Salt solution 




Fig, 5. Determination of the buoyant force. 


Adapted font Physics for Class VI, experimental edition of teaching materials prepared for 
'he Pioject on Improvement of Teaching of Science and Mathematics. 



Science 

Abroad 


Methods of 
Teaching Biology 

I. D. Zverev 


M OST significant for the success of the 
Unesco Experiment in Science and 
Mathematics Teaching is the employ¬ 
ment of a great vaiiety of methods of 
teaching, and their conelation, None 
of these methods of teaching may be 
considered to be universal or unique. 
Here we shall examine these methods 
and the principles underlying their 
classification and consider their employ¬ 
ment according to the specific character 
of the school subjects. 

Definition and Classification 

The word 'method’ in Latin means 
‘mode’, ‘way’. This word may express 
various meanings. In pedagogics it 
means method of teaching. 


‘Methods of teaching biology’ is a 
pedagogic science and is closely inter¬ 
woven with biology. It deals with the 
following problems: why do we teach? 
(aim and tasks of biological education), 
what do we teach? (contents of educa¬ 
tion), in what way do we teach? 
(methods of teaching and organization 
of school processes), how do children 
study? (piocess of studying). 

Hence the pioblem of methods is 
significant. But what do we mean by 
‘methods’? 

Methods of teaching. This means 
methods of delivering knowledge and 
skills by a teacher while teaching, and 
their comprehension by pupils in the 
process of studying. 

This definition emphasizes the fact 
that the process of teaching is a two- 
sided process and is composed of teach¬ 
ing (teacheis’ activities) and studying 
(pupils’ activities). The methods of 
leaching may be various and therefore 
need classification. 

The most appropriate classification is 
the one accoiding to the sources of 
knowledge The source of knowledge 
and skills may be the word (narration), 
object (image) 01 action (motion). 
From this we distinguish three groups 
of methods: oral, observation and prac¬ 
tical, 

Pedagogic research convincingly 
proves that we cannot give pieference 
to any of these three methods; all three 
are resorted to in combination. Still, 
at any given lesson, we choose one of 
them as the main method. If the pupils 
react quickly to an object, the teacher 
uses the practical methods; if it is 
enough to demonstrate an object or its 
image the teacher chooses observation, 
and if an object cannot be demonstra- 
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ted the teacher uses oral methods. 

Let us now consider each of these 
groups of methods m detail. 

I Oral Methods 

The word is the main source of know¬ 
ledge, Both the teacher and the pupils 
widely use oral and written speech in 
the process of teaching and studying 
biology. A woid, uttered and heard, 
delivers abstiact concepts. According 
to Pavlov, the Academician, “The word 
being so characteristic of man is already 
abstract in itself.” 

We distinguish the following oral 
methods of teaching: 

1. Talk 

2. Nairation 

3. Lecture 

4. Work at a book. 

1, Talk. This may be delivered at a 
lesson, whem 

(i) it is possible to lefer to the 
previously received know¬ 
ledge; 

(ii) it is possible to refer to the 
pupils’ experience; 

(iii) the teacher is demonstrating 
an object. 

From the point of view of pedago¬ 
gics, a talk which makes pupils draw 
conclusions is very valuable. In most 
cases a talk is addressed to the whole 
class, which acts as a collective inter¬ 
locutor. In a talk one can see the 
pupils’ active participation. 

Suppose the teacher delivers a talk 
on the morphology of a bean seed. All 
the pupils aie given bean seeds; after 
that the following talk may result, 

Teacher: What is it that covers a 
seed? 

Pupils: Goat, peel, veil, etc. (The 
teacher chooses the correct answer.) 


Tcachet. What ns the coloui of a 
bean seed? 

Pupils Biown, black, etc. 

Teacher. What appears when the 
coat is peeled oif? 

Pupils: Two halves. 

Tcache:: These are two cotyledons; 
move them apart, what is there be¬ 
tween them? 

Pupils: Leaves, bud, rootlet, tendril. 

Teachei: Examine through a magni¬ 
fying lens and find out to what the 
bud is attached. 

Pupils: To a srem. 

Teacher. What is the structme of 
the bean seed? 

Pupils: The seed is covered by coat. 
It consists of two cotyledons, and 
has a rootlet, bud and stem. 

Now the teacher asks the pupils to 
write down theii conclusion and to 
sketch the structure of the bean seed. 
For the sake of recapitulation the 
teacher may ask pupils to enumerate 
and show on a chart the parts of the 
seed, This talk is closely interwoven 
with practical work. 

A talk may be based on the demon- 
stiation of an experiment, a chart, etc. 
The teachei should always take care to 
ask correct and consecutive questions. 
Having estimated the answers, he should 
be able to compose new ones. 

2. Nanation and Lecture. They 
envisage a one-sided delivery of mate¬ 
rial by the teacher or pupil. The term 
‘nairation’ is applied to the act of des¬ 
cribing objects and explaining the es¬ 
sence of phenomena and processes. It 
makes pupils comprehend the new 
material more systematically. For ex¬ 
ample, narration may be adopted when 
the teacher wants to tell pupils about 
the structure of a certain system of 
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organs, their Junctions and bonds. In 
this case the pupils actively listen to the 
teacliei, visually comprehend the de- 
monstiations, and make drawings and 
•sketches. When we speak of active 
listening, we. mean pupils’ concentrated 
attention, their ability to give correct 
answers to questions pul by the teacher 
in the course of the lesson, to express 
their opinion, etc. 

A lectine is characterized by a moie 
complicated content and is usually re¬ 
sorted to in Classes IX to XI. 

Geneially, a lectuie is delivcied when 
some material is geneiaimed or some 
theoretical problems aic explained, 01 a 
system of views held by scientists is 
intioduced, m some pioblem.s ol the 
histoiy of science aie piesented (e.g., 
the themies of Lemarok, Diuwin, the, 
development of evolutionaiy \iews in 
biology, etc.). 

The following most important require¬ 
ments of narration and lecture should 
he kept in mind: 

(i) flgiuativeness, vividness, pic- 
furesqueness of deliveiy 

(ii) consocutivencss in revealing 
the main problems 

(iii) validating conceptions and ideas 
by examples and facts; drawing 
conclusions; summarizing 

Pupils should be taught to practise 
narration with, and deliver lectures to, 
tlieir classmates. 

Bui both narration and lecture are 
always used only in combination with 
the other methods. Dining a narration 
or lecture the teacher should demons¬ 
trate experiments, models, charts, natu¬ 
ral objects, etc. This is the correct way 
fiom the point of view of methods of 
teaching, 

3. Work at a Book. The pupils’ abi¬ 


lity to work at a text and pictures must 
become a component pait of the piocess 
of teaching, they should do this not 
only while studying a lesson at school, 
hut at home as well 

It is important that the teacher should 
organize a vmiety of methods for work 
by pupils at a textbook, as given below 

(i) Retelling of the text. This method 
is often resulted to at school. It helps 
pupils to conscientiously compiehend 
the contents of the theme, and pio- 
motes thcii speech and thinking. Retel¬ 
ling of a text begins with the most easy 
material (e.g, monographic descuption 
of a plant, its application, its characteris¬ 
tics, the structure of its parts, etc.). 

(h) Explanation of pictures and 
sketches. This Ijpo of woik envisages 
pupils enumeiating the paits of a bean 
seed (all inseuptions to bo covered 
with a piece ol paper); checking of the 
fulfilled task, describing of the outei 
strucluie ol a tree by its picture; detec¬ 
ting by schemes con expending pictures 
of floscules, etc. 

(iii) Answciing questions. The tea¬ 
cher may utilize the questions given at 
the end of each paragraph or put his 
own questions on the text. The pupils’ 
answeiing such questions is a very use¬ 
ful exercise. 

(iv) Working out a plan to the test. 
The teacher employs this method when 
the pupils woik at a complicated text 
cmluacing a number of difficult pro¬ 
blems (e.g,, composition and properties 
of soil; types of stems; types of vege¬ 
tative reproduction.) A plan may be 
composed by pupils to the paragraphs 
dealing with generalization and deduc¬ 
tion 

(v) Looking for additional facts. 
For example, pupils may refer to mono- 
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cotyledons and dicotyledons or to 
plants having diffcient type of roots, 
etc. 

(vi) Concluding an experiment 01 
observation according lo the textbook. 
Textbook instructions and tasks help 
pupils integrally to comprehend thorny 
and expeiiment. Thus pupils may 
conduct expel linen Is levcaling the im¬ 
pact of water and air on seed germina- 


fiist and the last forms (the last, 
especially) as being most effective fiom 
the point of view of pedagogics. At 
each lesson the teachei may use natural 
objects, cliaits experiments, slides and 
films. 

A folk saying urns: “To show once 
is bettei than to nairate a hundred 
times’. Observation methods envisage 
interweaving vaiious foims of activity. 


tion; evaporation of water by leaves; 
results of mot grafting, formation of the 
ciown of a tice, etc 

Woik at a textbook is closely intei- 
woveu with the pupils’ work at then 
notes. Pupils may make notes and 
sketches in their biology note-books 
not only during lessons at school, but 
at home as well. These notes and 
sketches may be as under: 

a. Wilting the syllabus and lesson 
themes 

b. Wilting the plan of the lesson, 
the. succession of main pro¬ 
blems 

c. Wiiting home task 

d. Writing deductions and conclu¬ 
sions 

e. Composing comparative schemes 
and classification charts 

f. Sketching the schemes of the 
setting of an experiment; fixation 
of the lesults of an experiment 

g. Writing out independent work; 
book lcview, etc, 

II Observation Methods 

They are based on the combination 
of word and image. These are com¬ 
bined in tluce forms: 

1. Image before word 

2. Word before image 

3. Woid and image interwoven. 
Psychological research has proved the 


demonstration by teacher and compre¬ 
hension (observation) by pupils Hence, 
while using observation methods, one 
should shess the unity of teaching and 
studying. 

The various kinds of observation 
methods are’ 


1. Demonstration of natural objects 


2. 

Demonstration 

of 

charts 

and 


models 




3. 

Chalk drawing 




4. 

Demonstration 

of 

slides 

and 


films. 


1. Demonstration of natural objects. 
The pupils’ knowledge of biology is in¬ 
complete and formal, if they are not 
acquainted with the flora and fauna. 
The teacher should demonstrate the 
natural objects (plants, animals) 
which the lesson is about—foi example, 
corn, vegetables, ornamental and medi¬ 
cinal plants, insects, fishes, fiogs, lizards, 
biids, molluscs, and so on. This facili¬ 
tates the. study of nature in its natural 
form. It is veiy important to ensure a 
complete observation of the appearance 
of live objects, i.e., the study of the 
properties and features which cannoL 
be observed on dead specimens. 

The demonstration of natural objects 
arouses a great interest in the pupils, 
impresses them, and promotes the buil¬ 
ding up of sound knowledge. The tea¬ 
cher should always think out before- 
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hand a system of questions for a talk 
with the class that is conducted on the 
basis of observation of live objects. 
Small objects (e.g., plants) should bo 
distributed among pupils foi study ac¬ 
cording to ccitain instructions. Almost 
at eveiy lesson the teacher should de¬ 
monstrate actual but not live objects 
(herbariums, stuffed animals, skeletons, 
collections, preparations, etc,). It is very 
useful to distribute these objects among 
pupils, to outline the aims oi observa¬ 
tions, to give questions for answering, 
and to draw conclusions out of the ana¬ 
lysis of the facts accumulated in the pro¬ 
cess of observing objects. 

2. Demonstration of charts and 
models. If it is not possible to demons¬ 
trate natural objects, the teacher should 
lesoit to visual aids. Charts, models, 
etc., are used rn combination with the 
demonstration of natural objects. A 
model or a cluut emphasizes some phe¬ 
nomenon or property, facilitating its de¬ 
tailed study and affording a comparison 
with a natuial object. 

For example, we may take a model 
or a chart of the morphology of a flower 
and its actual paits; a vivisection of a 
frog’s heait and a model of a heart; a 
stoma under a microscope and a model 
of the section of the cells of a stoma, and 
so on. 

3. Chalk drawing. This is widely used 
in the process of introducing new 
material or in recapitulation. It focuses 
pupils’ attention on the main features 
and promotes building up of spatial 
ideas. To single out the most signifi¬ 
cant features of an object, a drawing 
must be simple, expressive and legible. 
A drawing should appear on the black¬ 
board simultaneously with the expla¬ 
nation or oral introduction. Example; 


A schematic diawing of the structure 
of a cell may appear, pait by part 
simultaneously with the explanation of 
the main features; 

A cell is a bit of protoplasm. It con¬ 
tains a nucleus, and cytoplasm. There 
is cell sap in the vacuoles. The cell is 
covered by a wall 

To complete the diawing, the teacher 
should label the paits of the cell. 
Drawings may be; 

i) Symbolic 


Inflorescence 

A complex size 

Cluster 


Schematic 


Flowei 

Woodpecker 

Fruit 

Butterfly 

Stem 


Leaf 


Root 



The teacher should use coloured 
chalk to enumerate parts of an object, 
giving labels. Pupils stait copying into 
note-books after the teacher finishes 
sketching and explaining the new 
material. 

4. Demonstration of slides and films. 
Slides and films reproduce nature, faci¬ 
litate comprehension of material irres¬ 
pective of place and time, and poitray 
the dynamics of phenomena. 

It should be emphasized heie that a 
film should be always subordinated to 
the contents of a lesson. Befoie pro¬ 
jecting a film the teacher should assign 
some task; give, if necessaiy, short ex¬ 
planations while projecting the film, 
discuss the projected material (talk, 
narration, new examples, written ans¬ 
wers ). 

It is very advisable to project a film 
bit by bit. It helps the teacher to 
check the pupils’ conscious compre- 
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hension of the film, to throw light upon 
the most difficult problems, and to in¬ 
troduce complicated concepts by parts. 
Having reviewed a part, the teacher 
conducts a talk, the pupils make sket¬ 
ches and obscive other demonstrations, 
etc. Thus, projection of films is closely 
interwoven with other auxiliary 
methods. Films are used as accessory, 
but not independent, study material. 

Ill Practical Methods 

Practical methods bung the pupils 
close to the object to be comprehended, 

These methods envisage conducting 
experiments, observations and laboratory 
work, Experiment and observation as 
methods of teaching reflect specific 
methods of biological research. That is 
why their use is of the utmost signifi¬ 
cance in levoaling physiological concep¬ 
tions, e.g., absoiption ol watei by a loot, 
photosynthesis, transpuation, movement 
of substances in plants, vegetative, ic- 
production, pollination, etc. 

If the experiment as a method of tea¬ 
ching is not utilized sufficiently it can¬ 
not be guaranteed that the pupils will 
properly comprehend physiological pro¬ 
cesses and in fact a number of other 
biological problems, for the comprehen¬ 
sion of physiology is closely interwoven 
with t'he comprehension of the structure 
of organs, evolution, development of 
oiganisms, etc. 

Now let us consider, the main metho¬ 
dological requirements of our experi¬ 
ments at school level, 

First of all the aim of the experiment 
should be determined and compared 
with the contiol experiment. Then the 
changes that occur in the process of 
the experiment should be observed, 
their reasons explained, and conclusions 


and deductions made. 

School experiment should not be com¬ 
plicated; they should be simple and 
clem, and should produce results. Let 
us take an example: 

1. Evaporation of water in leaves. 

i) Control, Watei with a film of 

oil on its surface. 

ii) Water without oil on its surface. 

iii) Water with oil on its suiface and 
a twig with leaves. 

Deduction. Leaves absorb watei. 

2. Cutting of root, 

i) Control, The end of the root is 
pieserved. 

ii) The end of the root is cut. 

Deduction, Cutting of the end of 

the main root results in the deve¬ 
lopment of lateial roots. 

The results of the experiment should 
be registeied in the foim of a sketch, 
collection, herbarium, diagram, etc. 

Long and short experiments may be 
carried out in the school- The teacher 
should know beforehand when and 
how to stait an experiment and the re¬ 
sults it should give. 

Theie are two ways of utilizing ex¬ 
periments at school: 

I Illustrative 

2. Research. 

In the first case an experiment proves 
oi illustrates an already known idea, 
rule or law. For example, the teacher 
says- “Seeds contain water; let us 
observe this,” (Demonstration of an 
experiment.) 

In the second case, the teachei says: 
“Let us find out what substances seeds 
contain; let us heat them. What is 
seen on the cooler parts of the test- 
tube walls?” 

Answer. Drops of water. 

Question, What do seeds contain? 
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Answer: Water. 

Thus, the illustrative experiment only 
pi lives material alieady introduced, 
while the leseuieh experiment ldies on 
the pupils’ anticipation. That is why 
the research experiment is to bo pic- 
leiiecl 

Choice of Methods 

What arc the points that a teacher 
should consider while choosing 
methods? First of all, the specific 
character of the, contents. For ex¬ 
ample, anatomical and morphological 
concepts me mainly studied with the 
help of piaetical methods; physiologi¬ 
cal concepts, with the help of observa¬ 
tion methods (demonstrations, experi¬ 
ments); systematic concepts (taxo¬ 
nomy), with the help of practical and 
observation methods; and general bio¬ 
logical concepts, with the help of oral 
methods. 

Secondly the choice of methods 
depends on the aims of teaching, and 
the importance of forming correct, com¬ 
plete and sound concepts and ideas, and 
building up pupils’ shills. 

Then again the choice of methods 
depends on the age and peculiarities 
of the childien and the requirements of 


the psychology of that age. Foi ex¬ 
ample, the leclme may he resoited to 
only in the senior classes. In the jun¬ 
ior and middle classes, the teacher 
uses a gieater variety of methods than 
m the senior classes. The duration of 
using one and the same method in 
junior classes is sliortei than in the 
senior ones. 

In conclusion, it should be em¬ 
phasized once moic that none of the 
methods, as a mle, can be used inde¬ 
pendently, All the methods aie used 
in combination and are developed with 
the development of the pupils’ know¬ 
ledge, 

Generally, each method should be 
active, should make pupils think and 
should arouse their interest m the sub¬ 
ject, These methods develop the abilities 
of comprehension, comparison, generali¬ 
zation and deduction, Pupils should be 
tauglu to master the methods of study¬ 
ing, listening, observing, registering, 
experimenting, and so on, 

Thus, methods should stimulate pupils’ 
school activity. Besides, each method 
may be supplemented by other specific 
methods to motivate the piocess of 
learning. The pioblem of motivation 
for teaching also needs to be studied 
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LISTER’S WORK OF 100 YEARS AGO 
OPENED THE DOOR TO MODERN 
SURGERY 

Zachary Coin 


E XACTLY 100 yeans ago Joseph 
Lister, Professoi of Surgery at the 
University of Glasgow, then just under 
40 yeais of age, began those experiments 
in the tieatment of wounds that were 
destined to lead to a revolution in 
surgery. 

It is difficult for the piesent genera¬ 
tion to understand what a great change 
in outlook and piactice resulted from 
Ihe adoption of a comparatively simple 
procedure, 

Until anaesthetics were intioduccd in 
1846 suigery was extremely limited in 
scope because of the unavoidable pain, 


Mictoscopic living gams ( mictobes, imcro- 
oi ganisms), some haimless, some dangeious to 
hitman beings, ate almost ubiquitous m the an and 
on the sin face of evety living bang They aie m 
the dust that deposits on must solid substances, 
they me always piesent m stagnant ivatei Skin 
protects man from then evil influence, but if the 
skm is injured, oi cut by the smgeon, haimfiil 
mtnobes will settle on the i aw sin face and 
cause senoits complications, unless precautions ate 
taken 

The great achievement of Joseph Lister was to 
dense a satisfactory method of pi eventing microbes 
from entei mg wounds Thus he opened the door 
to the development of model n singeiy. 



Joseph Lister 

Yet even when anaesthesia became 
available, surgery scarcely advanced 
for another generation because wounds, 
whether accidental ox made by the 
surgeon, usually developed serious in¬ 
flammation or even hospital gangrene. 

This frequently led to the death of 
the patient, or at least the loss of a 
limb, 

One day Lister said to his students: 

Trouble of the gravest kind is always 
apt to follow, even in trivial injuries, 
when a wound of the skm is present. 


Reprinted with permission from Spectrum August 1965, 15:3-4 
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How is this’' The man who is able to 
explain this problem will gain undying 
fame 

He did not then know that he was 
to be that man. 

The mu goons of that time wen: not 
highly educated men, and few were 
capable of scientific icseareh. They 
icgarded inflammation of wounds as an 
unavoidable misfoitunc due, perhaps, 
to bad ventilation 01 insanitary condi¬ 
tions, or even to some indefinite miasma 
in the air. That living geims might 
lie the cause nevci occuned to them, 
and if it were mentioned, they ridiculed 
the idea. 

Eaily in the yeai 1865, Listci was one 
day walking with Ins colleague, Dr 
Thomas Anderson, Frofcssoi of CliomV 
try m the Univcisity, when the latter 
mentioned that in France Louis Pastern 
had leccntly proved that certain fer¬ 
mentative and putrefactive piocesscs 
were caused by the action of living 
microscopic germs. Fennentation could 
be stopped by heating the fluid, but 
would stait again if the fluid woie ex¬ 
posed to the air. Pasteur concluded 
that the living germs were present in 
the aii. 

Lister, who at that time was much 
wonied by the bad lcsults of liis sui- 
gery owing to the inflammatory com¬ 
plications following operations, wonder¬ 
ed if his troubles might be the result 
of micioscopic geims which settled on 
the raw surface of the wounds. If this 
supposition were correct, the remedy 
was to pi event their access to the 
wounds, and he set about testing this 
view. He determined to apply to 
wounds some substance which they 
could not penetiate. 

From Dr. Anderson he obtained some 


nude eaibolic acid (creosote) that was 
known to prevent putrefaction in 
sewage, and lie soaked some lint in this 
substance and applied it as a dressing 
to the law suilaco of some patients who 
had sustained the lype of injury known 
as a compound fracture (a bioken bone 
with the overlying skin torn open) in¬ 
jures which were usually followed by 
amputation ol the limb and sometimes 
by (lie death of the patient. 

The icsults wcie good beyond his 
expectations 

In his own woids. 

Applying it undiluted to the wound, 
with an airangement for its occasional 
renewal, I had the joy of seeing these 
formidable injuries follow the same safe 
and tranquil course as simple fractures 
in which the skin remained unbroken. 

Listei next tried similar methods in 
the case of operation wounds, but he 
also soaked the instillments, the towels, 
the sponges, and even his own hands 
lor a slant time in a solution of one 
pai t of carbolic acid in 20 of water. To 
his delight lie found that with these 
pieeautions he was able to peiform 
many operations quite safely (for ex¬ 
ample, on bones and joints) that pre¬ 
viously would have been regarded as 
unjustifiable. The scope of surgeiy 
was thus vastly extended. 

Lister’s antiseptic technique was 
treated with lidiculc by some surgeons, 
ignored by olheis, tried half-heartedly 
by a few of the older surgeons, and 
only taken up by a few of the youngei 
surgeons in Biilain. 

In Germany and Scandinavia, how¬ 
ever, several prominent surgeons adop¬ 
ted it and found that it transformed 
their suigeiy by lessening the risk and 
extending the scope. Within 20 years 
antiseptic suigery was generally 
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Crude operating equipment for amputations, probably used by 
a London surgeon in 1825, 


accepted, 

Jn time Lister modified many of Ills 
methods For a while lie hied a spray 
of dilute caibolie acid to purify the air 
in the operation-aiea, but he gave 
up this in 1887. As a wound dressing 
he abandoned carbolic acid, tried many 
othei chemicals and finally settled on 
gauze impregnated with the double 
cyanide of mercury and zinc. - 
He continued to prefer dilute solu¬ 
tions of carbolic acid foi sterilizing 
instruments, towels, sponges and for 
preparing the skin of the site of opera¬ 
tion, and for his own hands, 

The microbes that weie the chief 
cause of the inflammation had in the 
meantime been discovered and named 
staphylococcus and streptococcus. The 
theory on which the antiseptic "system 
was based was ptoved coirect. 

Some suigeons thought Lister’s pro¬ 
cedures too complicated and adopted 
other methods of getting rid of the 


microbes. They boiled their instru¬ 
ments, heated the towels, chessmgs and 
mops in high-picssuie steam sterilizeis 
and piolccLed the wound from contact 
with tbeii clothes and hands and breath 
by weaimg stenlized gowns and rubber 
gloves, and covering their faces with 
sterilized masks. This aseptic technique 
giadually became widely used, but it 
was long befoie it displaced the anti¬ 
septic system. 

When I was a medical student (1900- 
1905), sterile gowns were just coming 
into use, but masks weie not used until 
ten yeais later. The aseptic method is 
now used in almost all operating 
thcaties, but there are still occasions 
where antiseptic methods aie needed. 

Lister never claimed that microbes 
settled in the deep paits of a-wound 
could he destroyed or got lid of by die 
application of antiseptics. In the war 
of 1914-1918 the gunshot wounds were 
usually much contaminated and septic 
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,uid it was found that 110111 * of the oicli- 
inny antiseptics hud much elfcel on 
thorn. 

Morcoxei, Alimoth W light and 
Alexander Fl< lmiig slum oil that 111 Midi 
cases embolic acid and most othei anti¬ 
septics did inure liaitn than good Later, 
jluvine and the liypoehlonles were 
found ivtou* eflieiieions, hut they did not 
fully solu* the pioblem and In the end 
of tin* war it was generally ugiecd that 
the best method ol getting rid of deep 
infection in a gunshot wound n as to 
opeiale as soon as possible and excise 
loicign bodies and damaged tissue. 



Alexander Fleming 


The remaining healthy tissue was 
usually able to look after itself. This 
mechanical method gave, better results, 
but it did not ically solve the pioblem 
either. 

Ehrlich’s discovery that a synthetical¬ 
ly prepared drag, wlucli he called 
salvaisan, was able to rid the human 


body of the spiiocluicte of syphilis en¬ 
couraged smgeons to look for some 
drag dial, taken internally, might free 
the body limn serums septic infections, 
Ini’ the piobability of success seemed 
lenime 

1 lien, in 1935. Domagk discovered a 
sulpl 1011 amide deiivative — prontosil- 
that had a specific destiuctive effect on 
sti i ptucoeci, the most deadly septic 
01 ganisin 

The use of the sulpbonamides 
fiiablrd much bcttoi icsults to he ob¬ 
tained m the treatment of gunshot 
wounds dining the* oaily p;ut of the 
1939-15 wai. 

However, even befoie Domagk’s dis- 
covriv was made known, Fleming had, 
m 1928, diseoveied a substance which 
lie named penicillin (since it was 
obtained Irani the mould penlcillum 
notulum ), which had a most powerful 
(fleet against the common septic organ¬ 
isms. This was the fiut and the most 
useful antibiotic. 

Unfoi Innately, Fleming could find no 
rhemisl who was able to stabilize and 
eoncentiate this substance. But 111 
1913, Sii Howard Florey and Piofessor 
Chain xveie successful in doing this, 
and soon penicillin became available 
for treating war wounds and other sep¬ 
tic conditions, even when the microbes 
had gained a serious hold in the tissues. 

This discovciy uslieicd in a new era 
oi surgeiy. Some very dangerous dis¬ 
eases—acute osteomyelitis, erysipelas, 
cellulitis, and even septicaemia, became 
curable or preventable. Penicillin also 
enabled some operations to be safely 
peiformed that previously had usually 
been fatal. To those of us who had 
practised in the pi e-penicilhn era it 
seemed like a miracle. 
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Surgeons at work in aseptic conditions in a modern operation theatre 


The aseptic technique has been ear¬ 
ned by some surgeons to the extent that 
they airange that all the air that enters 
into the opeiating theatre is passed 
through filters that stop the entry of 


any microbe. This method needs the 
most careful attention if it is to remain 
reliable. 

A special application of it was devised 
by Leonard Colebrook to prevent m- 
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Early type ol operating theatre, recently restored, which shows 
the conditions under which early nmteenth-eentury surgeons 
worked and taught, 


{eclion of extensive bums. Septic com¬ 
plications are a frequent cause of death 
in bums. Colebrook applied ti penicil¬ 
lin diessing, and eveiy Lime it was 
changed the patient went into a zoom 
made aseptic by filteiing all the air Unit 
entered, By tins means the extensive 
raw suiface was kept clean and it was 
possible to cany out eaily skin-grafting, 
Now that laige units are airanged for 
treatment of burns this method can be 
applied with great success, 

Since penicillin was discovered, other 


efficient antibiotics have been sought 
for and found. It has been discovered 
that certain strains of iruciobe become 
resistant to puiticular antiseptics or 
antibiotics, but it is now possible to 
change the antibiotics when necessary, 
Tlieie is always the possibility that 
some other chemical may be found that 
will kill the microbes m the depth of 
a wound without damaging the healthy 
tissues, and without toxic effect, The 
antiseptic method will then again be¬ 
come popular. 



Science 

Notes 


Sodium Hydroxide from the Sea 

AUSTIC Soda is icporled to be 
pioduccd economically fiom sea 
water on a commcicial and economic 
scale by a new ion-exchange process 
developed by Asahi Kasei Kogyo K.K., 
25-1, Dokimahamadoii-1 Chome, Kila- 
ku, Osaka, Japan. 

Sea water is fed to a column wheie 
it reacts with a special resin which con- 
veits the salt in it to sodium hydroxide. 
The resin is regenerated with a lime 
slimy and used over and over again. 

The Drill That Can Go Round the 
Corner 

IME is an important factor in the 
hunt for oil and gas. So anything 
likely to leduce drilling time by even 
a few days is carefully consideied, A 


ti chnique known as turbo-chilling is 
expected to achieve just this. The fiist 
company to employ it in the Noilh Sea 
is BuLish Peli oleum. By the autumn 
they may well be moie advanced than 
anyone else in the application of this 
technique. 

They will then be using a tiubo-drill 
developed by Sn Fianlc Whittle, the 
jet eng ne pioneei. The tiubo-diill is a 
long pipe made up of individual sec¬ 
tions, which are added gradually as you 
go diillmg furthci down, and the whole 
of this assembly rotates along its com¬ 
plete length. It is easy to see that 
once you have stinted drilling, with a 
huge stiaight shaft like tins, depaitmg 
fiom the stiaigliL path is something of 
a pioblem It can be done by fixing 
various devices, but this is time-con¬ 
suming and costly. It was to ease this 
problem that tiubo-chills were develop¬ 
ed. With this technique, the diill itself, 
that is the long shaft that goes down 
the hole, docs not lotate. The only 
thing that goes lound is what is known 
as the bit—the pait that actually bites 
mlo the soil. This is turned by a tui- 
bine meUn which itself is diiven by the 
piessure of the mud pumped into the 
dull pipe. 

The Russians and the French are 
pioducing such turbo-drills, and it is 
a French type which is at present being 
used by British Petroleum in their 
North Sea operations. It will enable 
them U> dull several wells from one 
and the same platform, going radially 
like the spokes of an umbrella. Tills is 
done by fitting an angle joint above 
the turbine which causes the bit to 
follow a cuived path. The curve is 
gentle enough for the pipe supporting 
the drill to follow easily. 
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Turbn-di filing, howevri, does not 
mean abandoning the com cntumal type 
of lotary dulling What is done in 
fact is this: you drill a straight hole with 
the- conventional dull; then the turbo¬ 
drill is used only lor the deviation, 
after which you go back to the con¬ 
ventional drill. 

Turbo-drilling is claimed to be be¬ 
tween two to three times faster than 
conventional drilling, but the turbo¬ 
drill has a short life. You have to keep 
pulling rt in and out of the hole. And 
therefore, as you go down deeper, 
lire advantage is lost. On tire 
other hand, turning corners with a 
conventional drill is time-consuming 
and it is reckoned that the turbo-drill 
can save fora or five days out of the 
seventy which is the avciagc time for 
drilling a well. If the problem of re¬ 
pairs could he eased—it, in other words, 
the turbo-chill could be mack* less vul¬ 
nerable—the potential savings could be 
very much gi cater. Such a drill will 
be available by the autumn of this year. 
It has been developed by Sir Frank 
Whittle in cooperation with Bristol Sicl- 
deley, and it will be available by the 
autumn of this year. 

Whittle's design is expected to go ,i 
long way towards overcoming the 
drawbacks of existing French and Rus¬ 
sian turbo-drills. Basically, it introdu¬ 
ces a gear-box into the conventional 
multi-stage turbine, wlucli will result 
in a very much longer life for the ‘bit’ 
or cutting part—the most vulnerable 
pari of the turbo-drill. British Petrole¬ 
um plan to put the Whittle diill into 
operation some time in the autumn. 
This drill should enable them to exploit 
their wells at an even faster rate. 


Metal Cutting Machines 

OLID round bars, 2 inches in dia¬ 
meter, tubes of 3’i inches diameter 
and sections up to 5 by 3 inches can be 
cut by tire latest sawing machine to be 
produced by Cave-Cut Machine Tool 
Company, Meadow Hill, Portwood, 
Stockpoit 

Suitable Cor cutting aluminium, brass, 
copper and mild steel, it is claimed to 
give clean, accurate cuts fiee from 
hurts. Because the head carrying the 
driving motor can be moved through 90 
degrees, slots and notches can be cut 
at any desired angle 

The motor duves the 11-incli dia¬ 
meter saw blade via a gear-box and 
gives speeds of eithei 40 or 80 rp.m, 
The machine can be supplied as a 
bench model or mounted on its own 
steel stand. 

Another metal cutting machine—now 
being marketed by Channel Tool Dis¬ 
tributors, of Eastwood Street, Mitcham 
Lane, London, SAV.1S ~ is the VMS 
111 cncular saw which will cut steel, 
iron and non-ferrous metals. This ma¬ 
chine is staled to produce quickly an 
accurate buir-fice cut and among its 
applications arc straight and mitre cut¬ 
ting, 45 degrees right and 45 degrees 
left, pipe saddling and slitting profiles 
and shapes of all kinds. 

Motor and gear units can be swivel¬ 
led through 180 degrees for any straight 
or mitre cut required. The material to 
he cut always remains in the same 
position. 

Ultra-precision Radiation Meter 
RITAIN'S Bush Murphy Electro¬ 
nics’ radiation monitoring apparatus, 
called a Scintillation Gamma Monitor, is 
claimed to be the most accurate of its 
kind in the world. They claim it is 
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twice as accurate as any ollioi when 
measuring extremely small amounts of 
radiation. It is about the same size and 
weight as a shonldei-stiap tiansistoi 
radio and was developed in cooperation 
with the United Kingdom Atomic 
Energy Authority. It is designed for 
seivice anywhere—you can even nse it 
underwatei. And it is not only for use 
in the nuclear industry—it can even 
help people like water-supply or 
sewage disposal authoiities. If, for 
instance, you’re looking for a blockage 
m a pipe lnuied undeigiound, you can 
put a ladio-activc souice into the pipe, 
and follow it with the radiation morntoi 
above giound. This sounds as if it 
could be dangcious, but the monitoi is 
so sensitive that a very weak, and lliere- 
foie safe, source of radio-activity can 
be used. Biologists have even used it 
for hacking worms 01 insects that have 
been what is known as ‘labelled’ with 
a minute amount of ladio-activity mat¬ 
erial because anything else would obvi¬ 
ously damage the living oiganism. 

Can Drugs Improve Bad Memory? 

A drug which has been on sale in 
Britain for many years as a mild stimu¬ 
lant has suddenly become of intense 
interest to scientists for an entirely 
different leason: it may help to im¬ 
prove bad memories, particularly in the 
aged, and to increase the speed at 
which people can learn. 

At a recent meeting in the United 
States of the Society for Biological 
Psychiatry, Dr. Ewan Cameron, a brain- 
drained Scottish doctor, described the 
results of the first trial of the drug with 
human patients. At the Veterans’ 
Administration Hospital in Albany he 
administered it to a group of people 
whose memories were failing because 


of senility or hardening of the arteries 
m the brain. A similar gioup leceived 
a dummy pill of similar appearance. 

The patients who took the diug did 
significantly beltei m tests, such as the 
leproduction of diawings of which they 
bad had a brief glimpse and the paiung 
of words like baby’ and ‘cries’. The 
drug used by Dr. Cameion is made by 
Abbott Laboratoiies of Chicago and is 
called Cylert. It consists of a mixture 
of common magnesium hydi oxide and 
a substance called pemoline. Cylert 
lias not yet been passed by the Food 
and Ding Administration in the United 
States. 

Pemoline, presumably the active con¬ 
stituent, has been sold in Europe as a 
mild central nervous system stimulant 
foi years The amphetamine group of 
drugs (used m purple lieaits) have a 
similar action. Pemoline, it is claimed 
is non-habit foiming. 

Nuclear Submarine Commissioned 

The first all-British nuclear fleet sub¬ 
marine Valiant, 3,500 tons, has been 
commissioned recently at Vickers 
Naval Yard, Barrow-m-Furness The 
Valiant, laid down in Januaiy 1962, is 
16 feet longer than her predecessor, the 
Dreadnought, whose nuclear propulsion 
machinery is American. Her speed is 
said to be well over 30 knots, and she 
is armed with six torpedo tubes fitted 
for homing torpedoes. 

Great attention has been paid to 
amenities for the 12 officers and 90 men. 
Fresh water is supplied from a distil¬ 
lation plant and there aie six showers. 
Each mess deck has a cinema screen 
and the senior latings’ mess has a 
carpet fitted, 

By courtesy Science Newsletter , Indian High 
Commission, London 
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Australian Scientist for U.N. Post 

leading Australian scientist, Mr, 
Guy B Giesfoul, lias been ap¬ 
pointed to a United Nations top scienu 
tie post as the first Director of Science 
and Technology in the United Nations 
Depaitinent of Economic and Social 
Affairs Mi. Giesfoul will head the 
secretarial of the United Nations 
Advisory Committee on the Application 
of Science and Technology for the less 
developed aieas, 

The Advisory Committee has already 
held a nmtibei of meetings and is diaw¬ 
ing up plans to accelerate the applica¬ 
tion of science and technology in the 
field of development, It has woiked 
closely with the specialized agencies of 
llic UN which aie hugely responsible 
for action in this field. Its work has 
covered such fields as the establishment 
of basic scientific structures in the 
newer countries, the application of 
existing knowledge, improving docu¬ 
mentation seivices in developing coun¬ 
tries and problems of scientific educa¬ 
tion. 

Mr, Grcsfoid was appointed secietary 



Mr, Guy B, Gresfoul 


of the CSIRO in 1959, He has also 
been closely associated with the Com¬ 
monwealth Scientific Committee and 
with UNESCO activities in South- 
East Asia, dealing with science 
administration, 

By coirtcsy, Australian High Commission, 
New Delhi 
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5520 (i) Two mimbm, a and b, are 
such that a is smallci and 1) is greater 
than 1. If S is the sum of a ancl b 
and P is then product, piove that S 
ancl P differ by more than 1. 

(ii) Hence show that if the product 
of two positive mimbeis is 1, their sum 
cannot he less than 2. 

(iii) Using this result, or otherwise, 
prove that amongst all right-angled 
triangles of equal area, the isosceles 
tiiangle has the shortest hypotenuse. 

5521 ABC is an equilateral triangle 
and P is a point on the circumference 
of its circumcircle. Piove that one of 
the distances, PA, PB and PC, is the 
sum of the other two. 

5522 ABC is an equilateral triangle 
and P a point inside the triangle. Per¬ 
pendiculars are drawn from P to the 
sides, the feet of the perpendiculars be¬ 
ing X, Y, Z. Prove that PX+PY+FZ is 
constant foi all positions of P. 

5523 Replace the letters by digits 
to make the following addition conect: 


Solutions oj pioblenn SS20 to SS25 punted 
below .should teach the Editoi, School Science, N1E 
Buildings, Mehiauli Road, New Delhi by 31 
Decembei 1967. Each pi oblem should be solved on 
a sepaiate sheet of paper and should beai the name 
of the student. Ins class and lus school and should 
cany a decimation that he lias solved the pi oblem 
himself Pei sons otliei than students can submit 
solutions, bat they will not be eligible foi any 
pi izes that may be awai ded 

Coirect solutions oj pioblems SSI to SS19 
(see School Science, Match 1967 and June 1967) 
together with the names of those who solve them 
conectly will be published in the December 1967 
issue of School Science 

AHAHA+TEHE=TEHAW 

5524 The sides of a quadrilateral 
ABCD are of fixed length, but the 
angles may be varied. Prove that its 
area is the largest when it is cyclic, 
by using the isopenmetnc property of 
the circle. 

5525 (i) Show that 5 —1 is divisible 

by 4, n £ N 

(ii) A piece of paper 1/200 in. 
thick is folded 50 times. 
What is its thickness now? 

(iii) Plow will you cross the 
ditch shown in the diagram 
below if you have two 
planks, each nine feet 
long? 
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The Summer Science Institutes 
for Secondary School Teachers 
held m 1966 

S. Doraiswami 


We reproduce below exit acts flow the Report of 
a Conti act Education Project fat Summer Science 
Institutes Jot Secondary School Teachet s in India 
It is expected that these extracts would be useful 
to those inlet cued in this piojeit For fw liter 
details readeis may lejer to the Report. 

i DITOR 


F ORTY-THREE Summer Institutes for Secondary School Teacheis were held 
in the summer of 1966. These weie situated at University centies as 
follows: 


BIOLOGY : 
CHEMISTRY : 


PHYSICS ; 

MATHEMATICS : 


Agra, Bombay, Delhi, Indore, Trivan¬ 
drum, Madias and Ranchi. 

Annamalainagar, Bangalore, Burdwan, 
Chandigarh, Gorakhpur, Hyderabad, 
Jadavpur, Poona, Ujjnin, and Vallabh 
Vidyanagur. 

Agra, Aurangabad, Bangalore, Chandi¬ 
garh, Patna, Rajarammohanpur, Saugar, 
Tirupati, Varanasi, and Waltair. 

Burdwan, Delhi, Jodhpur, Jabalpur, 
Kurukshetra, Madras, Nagpur, Vallabh 
Vidyanagar, Varanasi, and Waltair 
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Nearly 1,516 secondary school tea¬ 
chers participated in 39 institutes held 
under the auspices of the T.C.C.U. 
team (data not available for four insti¬ 
tutes held in the Regional Colleges of 
Education with the cooperation of the 
Ohio State Team.) Of these parti¬ 
cipants, 269 were biology teachers, 381 
chemistiy teachers, 423 physics teachei.s 
and 443 mathematics teachers. The 
names of the Directors and staff mem¬ 
bers of these institutes and those of the 
American Consultants assigned to them 
have appealed in the earlier issues of 
this journal. 

This is the fourth year of the Insti¬ 
tutes programme, the institutes have 
been quite successful. There is no 
doubt that they are achieving the pur¬ 
pose of stimulating teachers to change 
then understanding of science and learn 
new ways to improve their teaching. 

A programme of this land required 
the energy and cooperation of many 
people from the Ministry of Education, 
National Council of Educational Res¬ 
earch and Training, the University 
Grants Commission, the Indian uni¬ 
versities which supplied the Indian 
directors and teaching staff, the A.I D. 
in Washington and New Delhi, the 
TCCU Team in India, the National 
Science Foundation, and the American 
scientists. These people worked as a 
group to launch this successful pro¬ 
gramme. 

The purpose of these institutes has 
been twofold: (i) to bring to the 
attention of Indian teachers of science 
and mathematics recent developments 
in the field of science and in methods 
of teaching science which produce in 
the learner the characteristics of a 
scientist; and (ii) to introduce new 


bonks, manuals, and instructional aids 
for improving the teaching of science, 
pai ticularly in the secondary school 
and to make these desired and, to a 
laige extent, adaptable m India, The 
institutes have been successful in these 
two objectives. They have however 
not jnoduced major changes in class- 
100 m leaching and cannot be expected 
to do so until changes have been made 
in tlie syllabus, instructional materials, 
and the external examination. Unless 
this is done properly and promptly, the 
institutes will fail to bring about any 
significant change in instruction in the 
classrooms of India. 

As in the previous yeais, this year 
too PSSC materials were used in the 
physics institutes, CHEMS materials in 
the chemistiy institutes, BSCS materi¬ 
als in the biology institutes, and SMSG 
materials in the mathematics institutes. 
These piovided the texts, laboratory 
manuals, films, and other materials 
which served as vehicles for achieving 
the objectives of the Summer Institutes. 
It was not the intention of the Summer 
Institutes programme in India to train 
Indian science teachers in how to teach 
the American materials, these institutes 
have used these modern materials to 
achieve their own objectives. 

The Institutes as Instruments of Change 

in Indian Science Education 

Education is a State subject in India. 
There are, therefore, as many syllabi 
for any discipline as there are States. 
A study of these syllabi, however, 
shows that they have more in common 
than one might expect. Many of the 
best participants in the institutes have 
said that there was very little they 
could do to utilize their institute ex- 
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peiienee in the touching until changes 
wcie made in the syllabi or until they 
were aulhonzed to depait fioin them. 

The nature of the external examina¬ 
tion system in India militates against 
change in the fonnal and didactic sys¬ 
tem of science teaching that constitutes 
the noun. In general, this system is 
one of lecturing on the pail of the tea¬ 
cher and note-taking on the pait of the 
students, attempts by the students to 
commit the lecture notes to memory in 
piepaiation for the external examina¬ 
tions, occasional demonstrations by tlie 
teacher. Finally, whcie laboratories 
exist, foimal laboiatory exercises com¬ 
plete the normal teaching-learning pic¬ 
ture 

In summaiy then, the Institutes pro- 
giamme is attempting to improve 
science teaching, the present position 
logarding which may be briefly sum¬ 
med up as follows: 

1. The majority ol schools have little 
or no laboiatory equipment. 

2 Teacheis are expected to fol¬ 
low the syllabus closely, and the science 
syllabi are such as enfoice the descrip¬ 
tive and didactic piocess of teaching, 

3 It is not unfair nor inaccurate 
to state that leaching and learning aio 
done primarily for the puipose of pass¬ 
ing examinations’ rather than for the in¬ 
trinsic values of learning itself, 

4. Textbooks aie inadequate in 
quality and many students study onlv 
the notes they have taken during llieir 
lessons. 

5. In general, sccondaiy school sci¬ 
ence teacheis are other than iiist-rate 
students themselves, and their own 
undeistanding of the modem sciences 
is limited, as is their conception of the 


aiL of teaching oi of science as a means 
of mquiiy. 

The Institutes pmgiamme was neces¬ 
sarily designed to meet the situation in 
all its aspects The Institutes pro¬ 
gramme is not only pioducing a geo¬ 
graphically distributed cadie of inform¬ 
ed teacheis demanding change, but is 
also involving college scientists and the 
mmcisity piestigo in a demand for 
change in secondary school science tea¬ 
ching. 

In this respect the Science Institutes 
programme has met with success in this 
countiy The materials are scientifi¬ 
cally modem and accurate; they em¬ 
phasize the conceptual bases that give 
coherence to scientific disciplines; they 
employ an investigatoiy appioach that 
is both scientifically and psychologically 
valid; and they arc complete teaching 
programmes consisting of texts, labor¬ 
atory manuals, teacher guides, films, 
and—in the case of physics—specially 
designed laboratory equipment. Indian 
scientists, educationists and teacheis 
have been quick to recognize the ad¬ 
vantages of these characteristics of the 
materials used. The paiticipants were 
expected, when they got back to their 
classes, to put these methods they have 
learnt to immediate use within the 
stiuctures of their piescnt syllabi, ex¬ 
aminations and equipment. 

Evaluation by Participants 
All the paiticipants weie asked to 
answer a questionnaire containing four 
questions, Below aie given some 
of the responses of the participants 
fiom each of the disciplines 
Biology. The majority of participants 
stated that the laboratory work was the 
most valuable academic programme 
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presented The next interesting item 
was group discussion. Tlieic was a 
negative feeling towaids lecture presen¬ 
tation at six of the institutes. 

Chemistry. The laboratory woik along 
with the pie-laboratory and post- 
laboraloiy discussions were valued well 
above all the othei items in the pro¬ 
gramme. Lectures, films, discussions 
and demonslialions were next in ordei. 
It was felt that school laboratories 
should be propcily equipped, the sci¬ 
ence laboratories improved, and films 
and piojeciors supplied The next sug¬ 
gestion was that the syllabus should be 
changed and new materials furnished, 
as also tiaimng facilities. 

Mathematics. The majority of paiti- 
cipants stated that the discussions weie 
most valuable. They appreciated the 
SMSG programme and the modern ap¬ 
proach to algcbia and geometry. At 
six institutes, the paiticipants stated 
that they wcie ready to take up the 
lesponsibihty of sUuting the new couise 
and teaching the modern concepts in 
mathematics in theii classes provided 
they were permitted to do so by the 
school authorities. By and large, the 
participants requested assistance in the 
field of books. 

Physics. The laboratory experience 
was voted the most valuable by piacti- 
cally all the participants Discussions 
and films weic also considered very 
helpful. There was piactically unani¬ 
mous agreement that help with labora¬ 
tory equipment would be most valua¬ 
ble. Other suggestions pertained to 
revision of the syllabus and examina¬ 
tions, financial aid, the film projector 
and readjustment of the time-schedule 
to pehnit more laboratory woik. 


Curriculum Materials Suggested for the 
1967 Summer Science Institutes 

The BSCS (Yellow Version) should 
continue to form the basis foi biology 
institutes until indigenous materials aie 
pioduccd. This curriculum should 
serve only as a piototype foi the kinds 
ol material which must be written foi 
the numerous educational communities 
in India 

The CHEMS programme in the 
summer institutes should be used pri¬ 
marily for teachers of PUC, inter¬ 
mediate, and first yeai m college. It 
would he prefened that these teachers 
have prior permission to use a part or 
all of CHEMS in their courses the 
following yeai m two, 

To make use of the PSSC materials 
in Classes IX, X and XI in Indian 
schools, consideiable adaptation will be 
lequiied. 

The scope of mathematics education 
in the pre-college experience of the 
students is of a diffeient oidei of 
magnitude than the education in the 
sciences. Specific training in mathe¬ 
matics permeates every grade of instruc¬ 
tion, The training and re-tiaining of 
mathematics teachers must give pioper 
recognition to these differences. 

Those who desire to get more in¬ 
formation on the follow-up programme, 
on the evaluation by American Con¬ 
sultants, Indian staff members and 
otheis may get it fiom the original re¬ 
port which is available at the Univer¬ 
sity Grants Commission, and in the office 
of the Teachers College, Columbia 
University team, and with the Agency 
for International Development of the 
U.S.A. 
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SCIENCE AND MATHEMATICS 
TEACHING PROJECT 

EACHING materials for Class VI in 
biology, mathematics and physics 
were completed and sent to press. 
Similaily, the manuscript of the che¬ 
mistry textbook for Class VII was also 
completed and sent to press. As soon 
as the punted materials weie available, 
they were issued to the students of the 
experimental schools. Meetings were 
held with the officers of the Diiectoratc 
of Education, Delhi, for planning the 
follow-up of the experimental project, 
namely, legular visits to the schools by 
the officers of the Department of 
Science Education and UNESCO Ex¬ 
perts The aim of these visits was to 
help the teachers to effectively teach the 


new materials, and to gather the feed¬ 
back. Besides these regular visits, the 
sixty teachers of the experimental schools 
meet regularly on the last working day 
of every month for a one-day seminar 
to discuss pioblems and exchange ideas. 

The science and mathematics class¬ 
rooms at the Mother's School (used as a 
demonstration school) were fully fur¬ 
nished and equipped. The furniture 
was designed and manufactured in the 
Central Science Workshop. 

The Director of Education convened 
a meeting of the ofliccis of the Dii- 
cctoiate, N.D M.C., and this Depait- 
ment on 21 Septembei 1986 to discuss 
the possibility of introducing this pro¬ 
gramme m all the schools of Delhi. A 
committee has been formed to work 
out details. 

An evaluation team form UNESCO 
Headquarters at Paris visited the De¬ 
partment and studied the piogress of 
this project. Action is being taken on 
the suggestions made by this team for 
(uluro development of this programme, 

STUDY GROUPS IN SCIENCE 
AND MATHEMATICS 

M EETINGS of the Study Groups for 
physics, chemistry, biology and 
mathematics were convened m the De¬ 
partment during this period. They 
were attended by the Directors and 
conveners of the. Study Groups and 
corresponding officers of the Depart¬ 
ment. Target dates have been fixed 
for achieving specifio objectives for im¬ 
plementing the programmes of the 
Study Groups. Within the Department 
the cunrculum groups have started 
carrying out on an analysis of the draft 
curriculum. Preliminary materials pre- 
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pared by these curriculum groups have 
been sent to the conveners and Direc¬ 
tors of different subject gioups, foi 
study and use. 

NATIONAL SCIENCE TALENT 
SEARCH SCHEME 

T HE Science Talent Search Scheme 
has now been rcchiislencd as Na¬ 
tional Science Talent Search Scheme. 
It has been extended up to the, research 
degree level The idea of Scientific 
Olympiads has also been merged into 
this scheme, pioviding for the award of 
scholarship at the close of delta class. 
Besides the inciease in the amount of 
scholarship at the various levels, re¬ 
imbursement of tuition fee lias also 
been allowed with effect from July 
1966. According to the revised scheme, 
the awardees will get Rs, 100 pei 



Amarendra Nath Sinha first m 
the 1967 NSTS examination. 


month during the three years of B.Sc ; 
Rs. 250 per month during two years of 
M.Sc; and Rs. 350 per month duimg 
the thiee- or four-year period of Ph.D. 
The scholarships will continue in the 
higher degree courses only if the 
awaidee passes his examinations in the 
first division. 

One-day meetings of representatives 
of the States’ Education Departments 
were held at Delhi, Calcutta, Bombay 
and Madras duiing July 1966 in con¬ 
nection with the next National Science 
Talent Search Examination held on 1 
January 1967. 

A publication entitled “Pioject Re¬ 
port” based on the result of the 1965 
examination was biought out 

A list of the National Science Talent 
Search Awaidees for 1967 is given on 
the following pages. 



Rekha Devi first among the girl 
candidates and 14th among all 
candidates m the 1967 NSTS 
examination 





National Science Talent Search Examination 
Awardees for 1967 


Rank 

Name of the Candidate 

State/ Ten itoi y 

1 

a 

3 

1 

Amarendia Nath Sinha 

West Bengal 

2 

Sandesara Niranjan Bhogilal 

Gujarat 

2 

Rajen Pratap 

Delhi 

4 

Kamal Arora 

Punjab 

5 

Kish an Shenoi 

Delhi 

5 

K Muraleedhara Varier 

Kerala 

7 

Amitabha Basu 

Delhi 

7 

Rabikar Chatter] ee 

West Bengal 

9 

Ardhendu Sen 

Delhi 

10 

Abhi 3 it Sen 

J ] 

11 

Ashoke Kumar Banorjec 

West Bengal 

11 

AmiL Mitra 

Madras 

13 

Kumar Snnivas Rao 

Delhi 

14 

Frobir Chakraverti 

11 

14 

Rekha Dev 


14 

Padmanabhan Kishore 

Bihar 

17 

Anantnarayan Kumar Subramaniam 

West Bengal 

lfi 

Sangita Suri 

Delhi 

18 

M. Ravi Cliandran 

>1 

18 

S Kastunrangan 

>1 

21 

D. Raghunandan 

>> 

21 

Bala Krishna Shetty 

West Bengal 

23 

Jayant Moreshver Manskar 

Hariyana 

24 

Partha Sarathi Sarkar 

Delhi 

24 

Arun Gupta 


24 

K. V. S. Prasad 

Mysore 

24 

James Jesunatha Das 

Kerala 

24 

Nag Barmdra Nath 

West Bengal 

29 

Dilip Ranganathan 

Andhra Pradesh 

29 

Burke Darryl Reginald 

West Bengal 

31 

Ashtekar Abhey Vasant Rao 

M.S. 

31 

Hulikal Ramaiengar Krishnamurthy 

Mysore 

31 

Sandeep Kumar Sengupta 

West Bengal 

34 

Fulak Dutta 


34 

Shekhar Friydarshee 


34 

Binay Prasad 

Bihar 

34 

Sudarsana Damodara Prasad 

Kerala 

34 

S Sridhar 

f i 

34 

Deepak Dhar 

Uttai Pradesh 

40 

Bantwal Ramakrishna Rau 

Delhi 

40 

P. Ramani 


40 

A. Koneti Rao 


40 

Agarwala Jonathan 

West Bengal 

40 

Abhijit Chatter]ee 

45 

Chatter]i Arun Kumar 


45 

Karthi Keyan Chittayil 

Kerala 

47 

Kamlesh Kar 

West Bengal 

47 

Dpan Kar Sarker 

47 

K. R Krishna Gandhi 

Kerala 

47 

Shobha Madan 

Delhi 

47 

Lovera] Takru 

Uttar Pradesh 
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1 

2 

3 

52 

Ratna Swamy Chandrashckhar 

M.S 

52 

Karuna Shankar Mathur 

Delhi 

52 

Shankar Kumar Shome 

West Bengal 

52 

Ashok Mitra 

n 

52 

Nano Kuniat Munon 

!> 

57 

Alok Ray 

ft 

57 

Madhuri Guha 

ft 

57 

Priyadarshan Roy 

Ultar Pradesh 

57 

V, Sundaresan 

Delhi 

57 

Madhur Khanna 

Delhi 

57 

Erach Dorab Tarapore 

M.S. 

57 

Arun Joseph Thangaraj 

Madras 

64 

Dmesh Chand Garg 

Delhi 

65 

Ami lava Ray Chaudhuri 

West Bengal 

65 

Raj Kumar Modi 

Bihar 

65 

J. Dinesh Bhat 

Kerala 

65 

Rajiva Ranjan 

Uttar Piadesh 

65 

Rajinder Singh Dhillon 

U.T 

70 

John Vaighcse 

Uttar Pradesh 

70 

Aditya Narayan 

IT 

70 

Banashree Mandal 

West Bengal 

70 

Somanathan K 

Kerala 

70 

K Sesi Bhushan 

Delhi 

70 

Krishna Ram Rao Bhanavar 

Madras 

70 

K. Sriram 


77 

Sieeman Sudipla Kumar Roy 

West Bengal 

77 

Dilip Kumar Sham anna 

Mysore 

77 

Siddharlha Bhownhck 

Madras 

77 

K Raja Ram 

Delhi 

77 

82 

Haiesh M Shivdasani 

Salyabarata Misra 

i> 

Orissa 

82 

Manish Sarkar 

West Bengal 

82 

Anup Mukerji 

Bihar 

82 

Purnima Pande 

Uttar Pradesh 

82 

T. Ranga Raj an 

a 

82 

Madhuri Bihari 

Delhi 

82 

Lily Dudeja 

UT. 

83 

Subramanian Ananthanarayanan 

Madhya Pradesh 

90 

Kumar Dev Bose 

West Bengal 

90 

Daljit Kaur 

Punjab 

90 

Narendra Dev 

Delhi 

90 

Ashwam Kumar 

Delhi 

90 

Bhaskar Kumar Roy 

• r 

90 

Ranjana Vinayelc 


90 

Sumta Talwar 


97 

V. Ganesan 

West Bengal 

97 

Parsathi Sinhna 

IT 

97 

Ashok Mohan Chalcraborty 

IT 

97 

Pranab Ranjan Choudhuri 

if 

97 

P Narendra Prasad 

Kerala 

97 

Pankaj Joshi 

Uttar Pradesh 

97 

Dinesh Nettar 

Mysore 

97 

O. K Padmim 

Delhi 

97 

Amrish Kumar Garg 

17 

97 

Sadia Dm 


107 

Ayusman Sen 

West Bengal 
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2 

3 

10? 

Amit Kumar Bose 

West Bengal 

107 

Sanjay Choudhun 

* i 

107 

Mohan Kumar Pham 

)> 

107 

Barindra Dan 

Bihar 

107 

S. Meenakshi 

Uttar Pradesh 

107 

Syed Faiz Ahmad 

Delhi 

107 

Meena Wij 


107 

Alawani Ganesh Madhav 

M.S. 

116 

Adarshpal Singh Sethi 

West Bengal 

116 

Amitava Hazra 

It 

116 

Jaya Sen 

1 1 

116 

Arun Bharalhuar 

Bihar 

116 

P. Jayanarayamm 

Kerala 

116 

Ashok M. Menon 

19 

116 

Rajendra Kumar Srivastava 

Uttar Pradesh 

116 

R Radha 

Delhi 

116 

G. R. Rajendran 

Delhi 

116 

K. Shashikala 

99 

11G 

Nigel Barry Pendse 

19 

116 

Vidushi Sara! 

>1 

116 

K. Ravi Shankar Iyer 

Hanyana 

116 

Susanta Sen 

West Bengal 

116 

Soumen Basak 

» i 

131 

Anjan Sen 

. 

131 

Amlan Kusum Sengupla 

s» 

131 

Souryendra Nath Maitra 

Bihar 

131 

Abhijit Sen 

131 

Deepak Kumar Goyal 

Uttar Pradesh 

131 

P. Yasu 

Delhi 

131 

Madhav Vinayak Marathe 

M.S. 

131 

Rakesh Gandhi 

Ilariyana 

139 

Dhanesh Kumar Sukhani 

West Bengal 

139 

Swapan Kumar Saha 

II 

139 

Tapas Sinha 

Bihai' 

139 

Thomas T. 

Kerala 

139 

Udayan Madhukar Paranjpye 

Uttar Pradesh 

139 

B. Krishnarajulu Naidu 

Mysore 

139 

Mukesh Bhanti 

Delhi 

139 

T Prem Kumar 


139 

Nandini Nityanada 

Madras 

139 

Hemant Krishna Singh 

Hariyana 

139 

Satiesh Chandra Bhargava 

Madhya Pradesh 

150 

R. Rangarajan 

Delhi 

150 

K, Usha 

} ) 

150 

Nagesh Sagar 

1 t 

150 

Ashok Kumar Singh 


150 

Rajeev Kumar 


150 

Mustansir Barma 

M.S.” 

150 

Narayanan Chandra Kumar 

Madras 

150 

Tnvedi Ajay Indulcant 

Gujarat 

150 

Sukhbir Singh 

Hariyana 

150 

Bhupmder Singh 

UT. 

160 

Banerji Lakhindar 

West Bengal 

160 

Bandana Chatterjee 


160 

Kuruvilla Eapen 

Kerala 

160 

Chitra Venkataraman 

Mysore 
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1 z 3 


ISO 

K. S. Anand 

Delhi 

ISO 

Sunder M Kekre 

t > 

160 

Fradeep Narayan Bansod 

l) 

160 

Tanganath Desikan 

II 

160 

Ritu Suri 

n 

160 

Kusum Guglam 

ll 

160 

V. Sankara Sastry 


160 

Velamur Varadan Anand 

MS.” 

172 

Swapan Chaltopadhyay 

West Bengal 

172 

Pradip Choudhuri 

n 

172 

Sirajul Hasan 

Uttar Pradesh 

172 

Rakesh Jha 

Delhi 

172 

R. Ramachandran 

ii 

172 

Kawal Jeet Singh Sethi 

il 

172 

Aiyagari Sudhakar Rao 

71 

172 

Anuta Malik 

>) 

172 

Trilochan Smgh Anand 

U.T, 

181 

Anil Kumar Singh 

Uttar Pradesh 

181 

Rajiv Kumar Gupta 

II 

181 

Rajiv Sen 

II 

181 

Narendra Nay ale 

Mysore 

181 

Amit Kumar Ganguli 

Delhi 

181 

Bappaditya Chakravarty 

» 

181 

K. Sajeeva Thomas 

JJ 

181 

Vijay Vir Singh Virk 

Ilariyana 

181 

Gitesh Ranjan Bhattaeharjee 

West Bengal 

190 

K, K. Surendran 

Kerala 

190 

P. Mohana Krishnan 

»» 

190 

J. Shashi Kala 

Delhi 

190 

Sushil Rattan Khanna 


190 

Surendra Ponrathnam 

Tl 

190 

Alok Bhattacharya 

f> 

190 

Usha Kaushik 

>) 

190 

Asutosh Mathur 

M.S 

190 

Sidharatha Purkayartha 

U.T. 

190 

Bhamhri Manju Mohanlal 

Gujarat 

200 

Sobha Nambisan 

Delhi 

200 

Shekhar Chaudhuri 


200 

Raj Kumar Jolly 

U 

200 

Rattan Krishan Sukhani 


200 

Subit Kumar Mandal 

West Bengal 

200 

Eswarahalli Sundarajan Dattatreya 

Mysore 

200 

Sreenivasan Murlidharan 

Madras 

200 

Paramjit Singh Sidhu 

Uttar Pradesh 

200 

Adhikan Mayum Surjalal Sharma 

U.T. 

200 

Shailondra Sahai 

Uttar Pradesh 

200 

B. Ashok 

Andhra Pradesh 

211 

Ajit Singh Hira 

Hariyana 

211 

Vinod Wadhi 

Bihar 

211 

Dolly Chowdhry 

Delhi 

211 

Neera Bhalla 

it 

211 

Narendra Singh Yadav 

Si 

216 

Usha Gupta 

)3 

216 

Varun Kumar Prasad 

I) 

216 

Sheela Roy 

tl 

216 

Ramachandran Sreenivasa 

n 
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210 

C. R. Raj an, 

Delhi 

210 

Rajiv Krishan 

It 

216 

E, A. Chakachery 

West Bengal 

216 

Frithwish Dutl 

it 

216 

Debashis Chakraberty 

it 

216 

Rila Das 

II 

216 

Krishna Kumar 

Andhra Piadesh 

216 

Rugvm Vedantan 

Mysore 

216 

Mohan Menon 

>1 

216 

Vijaya Laxman Deshpande 

M.S. 

216 

Navm Hiianand Makhijaiu 

>1 

216 

Sudhir Kumar Saxena 

Uttar Pradesh 

232 

Rant it Kumar Nair 

Bihar 

232 

Kose John 

Kerala 

232 

Arungurdram Kushna Murthi Vijaya Kumar 

Madras 

232 

Rai Kumar 

Punjab 

232 

Om Parkash Gupta 

Uttar Pradesh 

232 

Ashok Arora 

19 

232 

Salit Banerji 

West Bengal 

232 

Swapan Kumar Bose 

„ 
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Predicting the Human Scene 
Is Not So Easy 


The World in 1984-Vol. 11. 

New Scientist Series, Penguin Books, Ltd,, 
Harmondsworth, 1965 

T HE first volume of this collection 
of New Scientist essays, reviewed 
in Spectrum 12, dealt mainly with pure 
science and technology. The lesult 
was a preview of 1984, broadly optimis¬ 
tic in tone, with new discoveries and 
techniques solving many outstanding 
problems. 

Volume II is more concerned with 
sociology, economies, education, health 
and international relations—and here 
the view of 1984 is much more 
uncertain. 

When writers turn from discoveries 


and inventions to human affaiis, it is 
elcai that they feel on much less cer¬ 
tain ground. Theie aie, though, two 
broad areas of agieement 

The first is very simple; most writers 
assume, either explicitly or implicitly, 
that theie will be no full-scale thermo¬ 
nuclear war between now and 1984. If 
there were, they imply, there would be 
no recognizable world left to write 
about. 

It is peiliaps encouraging that the 
contiibutors generally seem to believe 
that we have a very good chance of 
avoiding this ultimate catastrophe. 

The other looming problem, to which 
many writers refei, is the population 
explosion, which is likely to mean that 
theie will be 50 to 60 per cent more 
people in the world in 1984 than there 
arc today. Furthermore, expectation 
of life will have increased, dramatically 
in some areas. 

Even today, over half the population 
of Venezuela, for example, is under 
19 years old—a dnect result of modem 
hygiene and medicine. But by 1984 
there will also be a much larger popula¬ 
tion of old people to care for. 

The problems of feeding this vast 
population have received much atten¬ 
tion and publicity. But seveial of the 
essays in this collection emphasize some 
other foimidahle problems, notably the 
likely giowth of vast spiawling cities, 
which will be exceedingly difficult to 
manage and maintain, 

Ruth Glass, of University College, 
London, predicts that by 1984 there 
may be cities which would make pre¬ 
sent-day London, Tokyo or New York 
look puny. Calcutta, for example, may 
have a population of up to 40,000,000, 
Since replanning and reconstruction are 
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very unlikely to keep pace with this 
growth, tin 1 contrasts between okl and 
new quarters, between slums and afflu¬ 
ent districts, may well be enhanced— 
which could aggiavate social unrest, 
“There will be turmoil in and mound 
many cities of the world even befoie, 
1984,” Mrs. Glass says. 

Coupled with the urban explosion, 
many experts foresee an education ex¬ 
plosion. Mr. Rene Maheu, Dircctoi- 
General of the United Nations Educa¬ 
tional Scientific and Cultuial Oiganiza- 
lion (UNESCO), believes that by 1984, 
all children will go to school, if only 
for four to six years. Illiteracy will 
have, receded, and will remain mamly 
among the. old. But education will 
have expanded dramatically in more 
advanced counliies, too, which could 
perpetuate the “education gap”. 

Automation, and rapid social and 
technological change, wilt mean that 
education must gradually become some- 
flung which continues all through life 
Lord Bowden, now Minister of State in 
Britain’s Department of Education and 
Science, says that unless we can make 
provision “on an enormous scale” for 
continuous adult re-education, Britain 
alone could by 1984 havo 2,000,000 men 
unemployed, for want of the right 
knowledge and skills. 

But if these education problems aie 
successfully tackled, it will he possible 
to exploit automation to the full—which 
in turn could mean much moie leisure. 
Joan Litllewood, the well-known artistic 
director of London’s Theatre Workshop, 
describes her “laboratory of fun” to 
meet 1984 leisure needs. 

Theie will be, for example, the 
“music area” offering free instruction 
and lecordmgs on any instrument, as 


well as lecoid collections, concerts and 
jazz festivals. There will be an acting 
mea, where people from shops and 
offices "will be able to re-enact incidents 
from then own experience in burlesque, 
mime and gossip”. A “plastic area” 
will offer paint, clay, stone, textiles and 
othei materials for “uninhibited dab¬ 
bling”. 

The site will be in London, near main 
mads and stations, the buildings highly 
flexible and mainly temporary (some 
will be inflatable ‘igloos’), making rapid 
changes to meet possible new needs. 

A much moie snmbie view is taken 
by Sir Ileiheit Read, who argues that 
the .surfeit of leady-made entertainment 
will make real ait wither, and pioduce 
empty lives in which leisure is a “pio- 
blern” ratlin than an opportunity and 
a blessing. 

lie foresees nationalized gambling 
becoming the greatest foim of lcvenue, 
and the virtual disappearance of books 
and pocliy, the only writers being 
television script producers. “There will 
be lights eveiywheic”, he predicts, 
“except in the mind of man”. 

In a somewhat similar, hut less 
gloomy view, Richard Hoggait aigues 
that as technology advances, the values 
and experiences mediated by the 
humanities will become increasingly 
piccious and m need of support. Other¬ 
wise, he foresees language coming to 
bo used mainly for “manipulation” (by 
advertising or oilier interests) or for 
commonplaces, while mass production 
in the arts could tend to “bmeaucratize 
taste, ideas and imagination, to thin out 
the sense of life”. 

Another contributor. Lord Brain, says 
that great advances m psychology and 
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physiology could ha\e a major impact 
on the treatment of mental disease—but 
at the same lime, various new drugs 
may be used "to enhance, and diversify 
experience”. But the social problems 
of addiction will glow and "will have 
to be faced long before 198-1”. 

In medicine, Sir Charles Dodds pre¬ 
dicts that the two overriding current 
problems, cancer and heart diseases, 
may well have been conquered, and re¬ 
search will focus increasingly on the 
problems of ageing. It may well be¬ 
come possible to enable the majority to 
grow old without the distiessing de¬ 
generation of many faculties and func¬ 
tions which now makes the genatrie 
waids of hospitals such distressing 
places. 

“The great luxuries will be pure 
water from a spring, plants and animals 
carefully raised by the consumer him¬ 
self in the absence of chemical contami¬ 
nation, fish caught in the high seas 
away from the coast.” 

More cheerfully, Professor Thrmg, of 
Queen Mary College, London, foresees 
the possibility of advanced robots re¬ 
lieving the housewife of much drudgery. 
Ten years' intensive development and 
the expenditure of ££1000,000 should 
produce a machine able to find its way 
about the house, make beds, wash up, 
clean and so on. 

This will be especially welcome if 
as Dr. Michael Young predicts, family 
life grows in social importance. It will 
become easier, Dr. Young says, for 
families to take in elderly parents and 
look afler them, while the growing 
complexity and impersonality of the 
surrounding world will make home 
seem "more intimate and cosy”. 

In contrast, government will come 


increasingly to depend on computers 
and specialized experts, according to 
Professor Asa Biiggs, of the University 
of Sussex ‘Back-i oom hoys’ who have 
done much detailed work on long-range 
plans will acqure great power—but the 
techniques of explaining and presenting 
such plans will become correspondingly 
more rmporlant. 

The facts of economic life and of 
miliLaiy power will narrow the loom to 
manoeuvre in national politics and 
policies, and countries will increasingly 
have to practise “unconditional sur¬ 
render to facts”, says Professor Briggs. 

But Di. V. K. Zworykin, of the R.C A. 
laboratories in America, predicts that 
modem electronic techniques could 
have far-reaching effects on the demo¬ 
cratic piocess. 

In particular, he has worked out a 
scheme for adapting domestic tele¬ 
phones for mass voting. A govern¬ 
ment could then hold national 
plebiscites on any issue at short notice. 
The results of telephone voting would 
he processed by computer and could be 
known in an hour or two. 

Thus, governments could consult the 
people directly over a vast vaiiety of 
issues. This, Dr. Zworykin claims, 
would create "a better informed and 
more vitally interested citizenry”. 

To sum up, the whole series reveals 
considerable unanimity about the likely 
trends in science and technology. In 
pai Licular, there is agreement that the 
most important discoveries are likely 
to be made in biology and medicine 
There is also general agreement that 
the pace of change—and, in particular, 
the population explosion—will test our 
adaptability, humanity and lesouiceful- 
uess to the utmost. But it is here, too, 
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lhat the optimists mid pessimists part 
company. 

Ln general, the scientists have confi¬ 
dence that society will be able to digest 
and exploit the results of the.ii reseaidi¬ 
es' for the general human benefit. But 
sociologists, economists—and* a propor¬ 
tion of scientists themselves—are deeply 
concerned that we, are getting out of 
our depth; that we shall not he able 
Lo adapt our cities, oui agncultuie, om 
social habits and practices fast enough 
to prevent much misery and turmoil 


arising by 1984. 

But perhaps the most heartening 
feature of the series is that no wiiter 
expects total thermonuclear disaster; 
and no one predicts that Geoigc 
Orwell’s nightmarish totahtai ianism will 
actually be realized. And the very fact 
that so many distinguished people arc 
so vividly aware of the. problems con¬ 
fronting us is, perhaps, the best hope 
that they will be successfully tackled. 

Courtesy. Spectrum 13. Juno 1963 



India’s Action 
Programme for 
Improvement of 
School Biology 

B. M. Joimi 
Manoiiau Lax, 


F OR the past several years, educa¬ 
tionists in India have strongly felt 
the urgency of the need to bring about 
an all-iound improvement in the teach¬ 
ing of science in schools. This cons¬ 
ciousness has resulted in, besides other 
measures, the establishment of a De¬ 
partment of Science Education by the 
National Council of Educational Re¬ 
search and Training. This Department 
has launched many schemes foi the im¬ 
provement of biology teaching. The 
activities of the Biological Science 
Curriculum Study Group (BSCS) of the 
U.S.A. have also given a great incentive 
to the School Biology Programme. An 
analysis of the existing problems and 
the reform woik undertaken in India 


was repoiled at the Til's rAsidli 'Rfegfclral 
Conference on School Biology held at 
Manila fiom 4 to 10 December 1966. 
This article desenbes some of the fruit¬ 
ful projects that have been launched for 
the improvement of biology education 
in Indian schools; these schemes have 
been under way for quite some time, 
and some have been initiated after the 
publication of the recommendations of 
the First Asian Regional Conference ori 
School Biology. 

Post-graduate Diploma Course for 
Junior Science Teachers 

Willi the object of overcoming the 
the acute shortage of well-trained 
science teachers for higher secondary 
classes, the Education Department of 
the Delhi State has staited a diploma 
course for junioi science teacheis. This 
course is being conducted by the Uni¬ 
versity of Delhi. The junior teachers 
me science graduates who teach only 
the lower secondary classes After com¬ 
pleting this, diploma course, these 
teacheis would be entitled to teach 
higher secondary classes, 

This coiuse is an in-scivice teachcr 
lia'ning programme of two yeais’ dura¬ 
tion. Presently there are two separate 
courses in biology, and the candidates 
are allowed to take eithei botany or 
zoology. This traditional splitting of 
the subject is not desirable academi¬ 
cally, but it had to be adopted, for the 
time being, due to organizational diffi¬ 
culties, Classes are held daily during 
the summer vacation (15 May to 6 July) 
and on week-ends when the schools are 
in session. 

These courses are aimed at strength¬ 
ening the knowledge of junior (gra¬ 
duate) science teachers so that they 
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may adequately meet the demands of 
a modem science curriculum. The 
course content has been especially 
designed to biing up to date, and build 
upon, the teacher’s scientific back¬ 
ground, and Lo prepare him to become 
an Directive, imaginative and lesouicc- 
ful teacher for higher secondary classes. 
The candidates aie lcquiiecl to offer, 
besides other topics (out of a total of 
six papers) one full paper on Methodo¬ 
logy of and Aids to Biology Teaching. 

The planneis of this scheme hope 
that it will not only make available 
many moie tunned science teachers but 
will also allord piospccts for improve¬ 
ment of the status of Junior teachers. 

Textbook and Curriculum Programme 

The National Council of Educational 
Research and Training has now releas¬ 
ed all the seven parts of Biology—A 
Textbook for Higher Sacondanj 
Schools. This is the fust modern book 
on school biology produced m India. 
It has been prepared by a panel of 
Indian biologists under tlic chairman¬ 
ship of the late Professor P. Mahesli- 
wari. The drafts of a number of chap¬ 
ters of this book were reviewed by 
several foreign experts and school 
teachers, and the book was finally edit¬ 
ed and illustrated jointly by Professor 
Maheshwari and his pupil, Dr. Mano- 
har Lai, at the Depaitment of Botany, 
University of Delhi. 

The book has seven more or less 
independent sections. In the first sec¬ 
tion, the student is introduced to the 
subject-matter of science, particularly 
biology, and the characteristics of living 
matter. A glimpse of the variety of 
plant and animal life prepares the stu¬ 
dent for a more detailed study of these 


forms in the second and tliiid sections. 
The fnuith section ticats in a simple 
way the main physiological piocesses 
in animals and plants. The fifth sec¬ 
tion is devoted to a comparative 
account of the different modes of re¬ 
production in the plant and animal 
kingdoms. Heredity, evolution and 
ecology ionn the sixth section of tlie 
book. The epilogue to the book covcis 
topics like human disease, interdepend¬ 
ence of plants and animals, and the role 
of biology in human welfaie, It must 
he admitted that in the initial stages of 
the break tluough from the traditional, 
old-fashioned cnmieula, an abiupt 
change lo the most modem practices 
would have been unacceptable, espe¬ 
cially to die leueheis. The book has 
llicicforc adopted, foi the time being, 
a modernized traditional approach to 
the subject, and lepiesents the first 
stage of the. change-over piocess. It 
admirably paves the way for individual 
biologists and agencies for preparing 
oilier books which could be more 
vaiied and modern in appioacli. 

The schools undei the Central Board 
of Secondaiy Education in Delhi and 
in some othei states have adopted this 
book. The ieports from the teachers 
and other concerned with biology edu¬ 
cation aie vciy encouraging. Many 
valuable comments have been received 
and these will be used for the improve¬ 
ment of the present version. A levised 
edition of the book in the light of com¬ 
ments received is envisaged in a couple 
of years. 

It is encouraging to note that the 
National Council of Educational Re¬ 
search and Training has now set up five 
different Study Groups for biology, 
functioning in the universities of Delhi, 
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Punjab (Chandiguih/, Calcutta, O.sma- 
n ia (Ilydciabad) and Madias. The 
members of these Study Groups have 
diHen'ng baekgiouuds and am fine; to 
adopt the, approach that they can 
handle best. They will pi-cputc euiii- 
cula and textbooks for school biology 
at two levels— till' /list level comprising 
Classes V, VI and VII, and the second 
level compiising Classes VIII, IX 
and X. 

BSCS Adaptation Programme 

In the meantime, the National Coun¬ 
cil was autlion/ed to punt a limited 
number of non-elassi oom copies of the 
BSCS biology textbook. Biological 
Science: An Em/uin/ info Life. The 
related Laboratory Guide and Truck- 
ci's ftlamtul weie also made available. 
These books have played a key role, in 
the Indian Biology Summer Institutes. 
The institute progiammos have empha¬ 
sized the use of the laboratory in teach¬ 
ing biology as a science. Because of 
their different lnotic and cultural back¬ 
ground, the BSCS books have bad only 
a limited utility. This difficulty will be 
oveicome when the modified Indian 
adaptation of BSCS books is issued 
shortly. The work on this pi eject was 
started a couple, of yeais ago by a team 
of Indian biologists and secondary 
school teachers under the general direc¬ 
tion of Dr. S. Krishnaswami, Professor 
of Zoology at Madurai University. Two 
American experts, Waller AuU'enberg 
and Manort Kennedy, assisted the team 
during the summer of 1967. The first 
draft of the adaptation materials is 
icady and will he tested in some select¬ 
ed schools hcfoic a final edition is pub¬ 
lished. 


U.S. Collaboration with India for 
Improvement of Science Education 
In June 1966, Indian representatives 
of the University Giants Commission, 
the National Council of Educational 
Research and Training, the Association 
of Pimcipals ot Technical Institutions, 
and seveial divisions of the U.S. Nation¬ 
al Science Foundation, as well as lead¬ 
ing American and Indian scientists 
jointly developed the bioad outlines of 
a national piogrammc foi the improve¬ 
ment of science education in India. A 
special agieemenl was signed between 
the Government of India and USAID 
(India) foi pooling elfoits to undeitalco 
a lai ge scale Science Education Im¬ 
provement Pioject. From the Indian 
side, ibis project will be carried out by 
the newly established National Council 
of Science Education (NCSE), the 
governing body of which consists of 
distinguished scientists and education¬ 
ists, The U.S. collaboration will be pro¬ 
vided through the NSF Science Liaison 
Stall in India, The basic purpose of 
this project is to establish the means for 
continued improvement of science edu¬ 
cation in India The U.S. participation 
will continue, according to the present 
agreement, up to 1971. By this time 
the NCSE would have sufficient staff 
and also appropriate procedures to 
evaluate the weaknesses and strengths 
of the national programme for improv¬ 
ing science education without external 
help. The main taigets of this pro¬ 
gramme are outlined below. 

The Debelopment of Instructional 
Materials. It is proposed to undeitakc 
adaptation of appropriate materials 
(textbooks, laboratory manuals, teach¬ 
er's guides, etc.) developed in the 



201 


SCHOOL SCIENCE TIKCKMBKn 1967 


U.S A., plus the production of new 
maleiials to mcoL specific Indian situa¬ 
tions. An important part of this pro¬ 
gramme will he the production of local 
language versions of a number of books. 
The indigenous manufacture of laboia- 
tmy equipment and the production of 
textbooks and other teaching materials 
will be piomoted. 

The Cooperative University-College- 
School Programme. In this project the 
universities will provide services to a 
numbei of high schools for improve¬ 
ment of teacher training eouises, curri¬ 
culum development, syllabus and exa¬ 
minations improvement, and foi assist¬ 
ance in the design, acquisition and utili¬ 
zation of modem teaching aids and 
materials, and in school binary deve- 
lojnnent. This cooperative pioject will 
be tried in one or two suitable places 
on an experimental basis. 

The College Faculty Development 
Programme. Under this piogiamme 
the affiliating universities would be 
made to take care of their respective 
colleges—which ultimately provide the 
Leacheis for schools. The piogramme 
will include in-service and short-term 
tiainmg of college teachers, develop¬ 
ment of courses and curricula, equip¬ 
ping of college laboratories, and expan¬ 
sion of departmental libraries. 

S hort-teim Institutes. The NCSE 
will continue the short-term institutes 
(teacher training progiamme) foi Indian 
school, college and university teachers 
of science, This programme, initiated 
in 1963, has been very well received by 
the Government of India, the educa¬ 
tional authorities, the Universrty Grants 
Commission, and the universities. The 
teachers participating in these pro¬ 
grammes have also been very enthusi¬ 


astic. The Council will go ahead with 
augmenting and impioving the pro¬ 
gramme of slant term institutes to make 
them part of an integrated systematic 
scheme foi national development. 

Programme Development and Special 
Pi eject Hand m hand with the above 
projects, the NCSE will undertake ex- 
peiimentation to find such approaches 
which in the long mn will be more 
useiul in India. Such a programme 
is considered vital for the growth of 
any institution. 

Impact of USAID Collaboration 

Although many of the piojects out¬ 
lined above aie yet to icach the talce- 
ofl stage, U.S. participation in the 
climbs of vaiious Indian educational 
agencies lias all curly started showing 
encouraging lesulls, 

Duiing the past five ycais, some 

12,000 Indian college and school 

teacheis have undergone training m 

352 summer institutes, This - body of 
teachers, whose inleiest and enthusiasm 
have been excited by exposure to new 
methods and materials for science 

teaching, provides a nucleus of teach¬ 
eis who have been prepaied to be 
favouiably disposed towaids continuing 
improvement in science education. 

A new journal, Science Newsletter, 
devoted to the improvement of science 
education in India, has been brought 
out. To give it a good staiL, the 
USAID (India) has undertaken to sub¬ 
sidize the first year’s cost of production 
and mailing expenses. By the end of 
this period the journal may have 
enough subscribers to run on its own. 

Thus science education in India is 
marching ahead and with each year 
the pace wrll have to be even faster. 



Evaluation Methods 
for Constant Checking 
of Pupils’ Knowledge 

V. A. Glushenkov 
K. S. Bitandaiu 


W/ ITH the help of unesco expei ts, 
” the Department of Science Edu¬ 
cation of the National Council of Edu¬ 
cational Research and Training has 
started an experimental project for 
teaching biology, physics and mathema¬ 
tics as separate disciplines in Classes 
VI to VIII, and chemistry also in Clas¬ 
ses VII and VIII, in thirty schools of 
Delhi, This scheme is likely to be ex¬ 
tended so as to include 25 per cent of 
the schools in Delhi and in the different 


States of India fiom 19S7. The two 
main features of the project are the 
dcinonstrational-cum-experimental me¬ 
thod of teaching and the system of 
evaluation—the method of constantly 
cheeking pupils’ knowledge. This arti¬ 
cle relates to the latter feature of this 
project, 

New Concept of Evaluation 

According to the Report of the Edu¬ 
cation Commission (1966), evaluation is 
a continuous process which determines 
the degree or the extent to which edu¬ 
cational objectives are attained, It 
forms an integral part of total educa¬ 
tion, It cxeicises a great influence on 
pupils’ study habits and teachers’ 
methods of instruction and thereby 
helps not only to measure educational 
achievements but also to improve them. 
The techniques of evaluation aie means 
of collecting evidence about the stu¬ 
dent’s development in the desired 
directions. For this purpose, the tech¬ 
niques that are to be used should be 
reliable, objective, and practicable. 

In India, the common method, or 
the only method of evaluation is the 
written examination. But there are 
seveial aspects of the student's growth 
that cannot be measured by the written 
examination only. So other methods 
such as observational techniques, oral 
checking, etc., have to be devised for 
collecting evidence for the purpose, 
and these methods should be improved 
in such a way that they become relia¬ 
ble instruments for assessing the stu¬ 
dent’s performance and educational 
achievements. 

To supplement the results of the 
external examination, most of the edu¬ 
cational boards introduced the system 
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of internal assessment. But experience, 
has shown that the internal assessment 
system has not been a very happy 
choice. The reasons for this are many, 
the most important one being that the 
leathers aie not equipped with proper 
esaluation techniques. It has been sug¬ 
gested that internal assessment should 
lie abandoned if it cannot be properly 
done. However, the Education Com¬ 
mission is of the view that this system 
has to continue and its importance lias 
to be increasingly emphasized. 

If this is to be so, some sound 
methods, by applying which a teacher 
may be able to assess not only the day- 
to-day progress of pupils’ knowledge 
but also to judge the effectiveness of 
his leaching, are to be devised. One 
method of assessing pupils’ knowledge 
called ‘Constant checking of the pupils’ 
knowledge’ is piesenled here. This 
method is comprehensive and can 
evaluate all those aspects of a student’s 
growth that are measured by external 
examinations and also such aspects as 
scientific skills, altitudes and jntciests, 
which cannot be. assessed by wiilten 
examinations, This method is to be 
used mainly for improving the student’s 
achievement in addition to measuring 
the level leached. 

Constant Checking of Pupils’ 
Knowledge (Evaluation) 

The Experimental Project aims to 
fulfill the. following objectives of science 
teaching : 

1. To give to the pupils a systema¬ 
tized knowledge of the funda¬ 
mentals of science and to ensure 
an understanding of scientific 
facts in die light of leading 
scientific theories. 


2. To develop the ability to apply 
the scientific knowledge gained 
in solving new problems. 

8. 'ho develop scientific skills 

In order to find out the extent of 
the .scientific knowledge gained by the 
pupils and the piogiess made in the 
development ol abilities and skills, the 
leaebei will have to check constantly 
the effect of his teaching upon the 
pupils. The technique of evaluation, 
i c'., constant checking of pupils’ know¬ 
ledge, should not only judge pupils’ 
knowledge, ability and skills but also 
should help us to know what methods 
and materials are to be employed to 
improve the teaching-learning situa¬ 
tions. 

The constant checking of pupils’ 
achievement is a very impoilant aspect 
of educational woik in the school. It 
should he used as a leaching tool and 
should peimealc all the stages of leach¬ 
ing. With its help a teacher finds the 
level and soundness of systematic com- 
piehension of knowledge, of develop 
ment of skills, and of the pupils’ 
ability to independently apply the 
knowledge and skills acquired to solve 
practical problems. Besides this, con¬ 
stant checking is used for recapitulat- 
ing pupils’ knowledge and skills, 
corieeting their mistakes, and broaden 
ing, deepening and generalizing tlieir 
knowledge. 

The checking of pupils’ progress 
trains them to work systematically and 
apprehend correctly, and not to be 
afiaid of difficulties. It helps in find¬ 
ing ways to overcome the difficulties. 
In constant checking, a teacher should 
evaluate pupils’ knowledge of each 
significant theme or pai t of the course. 

The Department of Science Educa- 
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tion is of the view lluU tlie pi emotion 
of pupils from one class to another 
should be made on the basis of the ic- 
corcl of tlie constant checking main¬ 
tained by the tcachei. Ihit m view of 
the prevailing system ni examinations, 
which cannot he. changed easily, the 
Department recommends that for the 
time being equal weiglituge should he. 
given to the lecord of the constant 
checking and to the annual written 
examination. This will not only moti¬ 
vate the pupils to work hard and to 
come picpaved with the lessons but 
will also stimulate, them to learn nime. 
and moie It will also help the pupils 
to develop logular habits of study and 
thus achieve desirable goals of educa¬ 
tion, 

Methods of Checking Pupils’ Knowledge 
and Skills 

The most significant methods arc: 

A. Oral checking 

B. Written checking 

C. Checking with the help of cx- 
pciimcnts done by pupils 

D. Checking with the help of a 
combination of methods A 
and C, 

(A) Oral Checking. The teacher 
as a rule should resort to oial checking 
befoie introducing new mateiial to the 
class. During the lesson he should 
especially use evaluation, generalization 
and recapitulation of pupils’ know¬ 
ledge. All these help the teacher to 
check the assimilation of previous matc- 
ual. Thus, correlation between the 
previous and present material is estab¬ 
lished. 

In the course of oral checking, a 
teachei asks questions and suggests pro¬ 
blems of vaiious types and a theme for 
narrating. 


do involve all the pupils in -the woik, 
the teacher should fust ask a question 
and then, altei a short pause, name a 
pupil to answer it. After the pupil has 
answered, the teacher should ask other 
pupils to con eel the mistakes, if any, 
or to complete the answer. 

While asking questions, the teacher 
should always keep rn mind the 
following: 

1. The requiiements of the syllabus, 
he, the objectives to be achieved. 

2. Questions should be formulated 
in simple form; the terminology 
used should be familiar to the 
pupils 

3. Questions must he constructed in 
a specific manner and not in 
geneial teinrs. 

Dm mg botany lessons in Class VI, 
simple questions like Lhe following 
should be asked: What are the subs¬ 
tances absoibed by plants fiom the soil? 
What plant organs absorb nutiitious 
substances from the soil? What are the 
fertilizers applied? Name some organic 
fertilizers. Why do we loosen the sur¬ 
face. soil of a plot ? 

Questions that require quick thinking 
are very useful. In Class VI, in the 
theme ‘.Seed Structure’ pupils are 
asked to indicate the ‘similarities and 
differences between a wheat seed and 
a bean seed’. In the theme ‘Paiallelo- 
gram,’ pupils are asked to indicate the 
common and distinctive properties ol 
different types of parallelograms. 

In the lessons on mathematics, phy 
sics and chemistry, pupils are aslccd to 
work out problems of practical interest, 
For example, in Class IX, in the lessons 
on Rectilinear Motion in physics, the 
teacher may give the following pio- 
blem : ‘A car moves for 30 minutes at 
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a velocity of 40 km/h, and for 2 hours 
at a velocity of 50 km/h. What is the 
aveiage velocity of the car?’ In a 
mathematics lesson in Class VI, he may 
ask. ‘A hoy made a frame in a wrak- 
.shop. To make sure that it was made 
piopeily he checked the. thiee angles 
as in the figure (Figure 1). They 
weie proved to ho right angles Now 
prove that the opposite sides arc 
parallel,’ 



Sometimes the teacher may ask sim¬ 
ple questions, but they should ho such 
that to answcu them the pupil would 
not only have to know the theoiems, 
but also how to use them in unusual 
conditions, e.g,, ‘Give one of the condi¬ 
tions necessaiy to prove that two given 
straight lines arc not parallel.” 

Practical work in mathematics is 
introduced to establish sound links be¬ 
tween the school mathematics comse 
and everyday life and to develop in the 
children some skills which will be neces¬ 
sary for their future work. The follow¬ 
ing are some problems of this kind. 

Class V, Calculate the yield of 
potato crop from the school expeiimen- 
tal plot. 

Class VI. Make a plan of the school 
and tire school experimental plot. 

Class VII. Calculate the working 


tunc necessary for preparing the school , 
expei inieutal plot to inisc a certain 
crop. 

Simultaneously with questions and 
piobleim, the leauliei may ask the 
pupils to muiale ceitain impoitant and 
specific themes with a view to develop, 
mg logical thinking and expiession in 
the pupils, This is usually piactised in 
senitu classes hut sometimes even m 
Classes V to VII a teacher may use 
this method if he is convinced the 
capabilities of his pupils will enable 
them to cope with questions of this 
kind, Some examples aic ■ 

Class VI Physics. Aiclrimedes’ Prin¬ 
ciple as applied to gases 

Class VII Chemistry. Burning of sub¬ 
stances in oxygen 

Class VIII Algebra. Properties of 
equations 

Class IX Chemistry. Chemical pio- 
peilies of chloiinc, etc, 

Narration of the given theme by the 
pupils helps Lho teacher to judge their 
ability to wink logically, concretely and 
soundly, Bcfoie starling the nairation 
the pupil should map out the plan of 
the answer and sketch the necessary 
equipment (in chemistry, physics, bio¬ 
logy) and design (in mathematics) on 
the blackboard. While nai rating ‘The 
types of loots’ in a lesson in botany in 
Class VI, ihc pupil should sketch on 
the blackboard a schematic picture of 
a loot: 

Adventitious roots 
Lateral loots 
Main root. 

It should be mentioned that in junior 
classes the teacher may help the pupils 
while they answer questions of this 
kind, and draw up a plan of narration. 

In a chemistry lesson in Class IX, 
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while nanating The manufacture of 
hydrochloric acid,’ the: pupil should 
sketch on tho blackboard a scheme of 
the plant (oi he may use a model), 

Pupils must also In* able to woik out 
equations of chemical i(‘actions, assem¬ 
ble devices, and demonstrate, experi¬ 
ments of short duration. 

For example, in a lesson in botany a 
pupil, while narrating the, theme of 
evolution of oxygen by plants' in the 
presence of sunlight, should draw on 
the blackboard the. necessary sketch. 

Experiments demonstrated by pupils 
in the course of their retelling need not 
necessanly be completed if they aio 
lengthy or if then results do not pre¬ 
sent any interest. For example, one 
need not complete an experiment on 
Altering liquids, if the toucher, by wa¬ 
tching the stall of the experiment, is 
convinced about the pupil’s ability to 
conduct the experiment and of his 
knowledge of the topic. 

Acquisition of knowledge and skills 
is closely connected with repeated de¬ 
monstrations, the use of visual aids and 
apparatus, and with experiments aheady 
peifoimcd during previous lessons. 

As slated earhci, the oral checking of 
pupils’ knowledge and skills should 
occupy a certain time (as a rule one- 
third of a lesson), To cover more pupils 
during the same period of time, the 
teacher may altempt to question simul¬ 
taneously tlnee or four pupils, The 
Aist and second pupils may gel certain 
themes for retelling; the third pupil, a 
calculation or a quantitative pioblem; 
and the fouilh, some expenmenlal task, 
i.c., to conduct a certain expeiiment, 

While these pupils aie preparing to 
answer, the teacher may ask two or 
tlnee moie pupils from the rest of the 


class to answer other questions Thus, 
applying these methods, the teacher 
can ask questions within a short period 
of time fiom quite a number of pupils. 

The effectiveness of such checking of 
pupils’ achievements depends on a 
teacher’s preparation for the lesson. 
This includes also the pieparation of 
questions that envisage the formulating 
ot themes for narration, selection and 
composition of problems, and prepara¬ 
tion of lists of pupils to be questioned. 
Before the, lesson, it is necessaiy to 
place on the demonstration table all the 
apparatus, and the various parts need¬ 
ed to assemble it, etc, which aie to be 
used for the exiilanation of the themes 
to he asked. The piocess of oral ques¬ 
tioning should be advantageously used 
by the teacher to evaluate his own 
leaching and to effect improvements in 
future lessons. 

(B) Wiitlen Checking. Wiitten check¬ 
ing of piquls’ knowledge helps the 
teacher to find out within a short time 
the pupils’ comprehension and mastery 
over the whole of the material taught. 

There exist several ways of carrying 
out a written check of pupils’ know¬ 
ledge. Some of them are; 

(a) Contiol (checking) work on the 
previous material that may last for 
one period. 

(b) Short wiitten work (lasting not 
more than 15 minutes) on different 
problems during the course of a 
lesson. 

(c) Written homework, 

(a) Control work lasting foi one 
peiiod (or two periods in senior classes) 
is conducted after a chaptei Iras been 
studied. The most responsible pait in 
control woik is the proper selection of 
topics for composing the problems and 
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c\en isos, Wliili* h timing pioblcnis and 
questions, the following points am to 
be kept in new: 

(i) The control woik .should comprise 
pioblnns ami cxeicises on the new and 
the most important material taught in 
tire previous chapter. 

(ii) The quantity of the sunk assign¬ 
ed should he strictly in proportion to 
the. time allotted. 

(iii) Pioblems and exercises should 
lie chosen in two or four variants to 
ensuie independent woik by the pupils. 

As a rule, mathematics tcaclieis may 
include in the test papeis even more 
variants. 

Let us take as an example the con¬ 
tents of a piece of eonliol work in 
chemrstiy for Class IX on the theme 
‘Oxides, bases, acids and salts’. 

Variant I (A set of questions) 

1 Wiite down the equations of the 
icaclions between the following sub¬ 
stances: 

(i) Calcium oxide and nitric acid 

(ii) Carbon dioxide and baiium 
hydroxide 

(in) Magnesium oxide and sulpliui 
tnoxide. 

2. Wilts down the foimulae and the 
names of: 

(ii) Oxy-acids 
(n) non-Oxy-acids. 

3. Write down a reaction for the fol 
lowing transformations: 

Mg—>MgO—>-MgS0 4 -i-Mg (OH) a 

4. Convert the following schemes 
into equations of reactions reaching 
completion: 

AgNO a + ?-r-KNOj-f ? 

CuS0 4 +?-r-Na a S0 4 +? 

Variant II 

1, Wiite down the equation of reac¬ 
tions between the following substances. 


(i) magnesium sulphate and bari¬ 
um elmidc 

(ii) fciric chlondc and potassium 
hydioxide 

(m) baiium nitrate and sulpbuiic 
acid. 

Do the above 1 factions reach comple¬ 
tion? If so, why? 

2. White down the, formulae and 
names of oxides of the following: 

(i) bivalent iron 

(ii) bivalent iron 

(iii) leliavalent sulpliui 

(iv) monovalent sodium, 

Indicate which of the oxides aie 
basic and \\Inch aic acidic. 

3. Write, down the equations of re¬ 
actions foi the following transforma¬ 
tions: 

Zn—->ZnO-*ZnCl a -> Zn (OH) 2 

4. Convcit the following schemes into 
equations of reactions leaching comple¬ 
tion: 

BaCL-f'?->2HCl-|-‘> 

AL (SO 4 ) 3 ? ?—>-2Al(OH) 3 + ? 

Note that the above two variants do 
not contain calculation problems. 
Aflci tlie teaching of one chapter has 
been completed, one moie contiol as¬ 
signment with calculation problems 
may be flamed. 

Ileie is a specimen of control work 
in physics m Class X on the theme 
‘Electric capacity’. 

1. Tim eaitli and the conducting stiata 
of the atmosphere form a peculiar con¬ 
denser. From observations, the aver¬ 
age voltage of the electric field of the 
earth near its upper layeis is equal to 
lv/cm. Suppose that the electric 
charge of the earth is evenly spread 
over the whole surface of the earth, 
and find out its amount. 
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2, Wliat aic the- \ ullage ami potential 
of an elcctiie field? What as the: ida- 
tion between the diffnnur of jiotcnlial 
and the voltage of an electric field? 

Specimens of Control Work in Mathe¬ 
matics 
Class IV 

1. A cooperative stoic sent to a can¬ 
ning factory 11 tons 075 kg of fruits 
and to a shop 3 tons 050 kg less. 3/5 
of all the fruits weie tipples 

How many boxes tue inquired for 
packing all the apples, if one box can 
hold 30 kg of tipples? 

2. Diaw a lentangle, the length of 
which is 1 dm 2 cm, and the breadth 
3 cm less than its length. Calculate 
the peiimelei and area of the rectan¬ 
gle. 

Class VI 

1. Solve the equation : 

(3.2—2a) 2.5a-Hi (5a - 0.5.)=1.5 

2. Subract the product G.4 2 b 2 (2.5ab- 
5b 41) from the pioducl 8a 2 b (2ab 2 + 
b—1). Calculate the numerical value of 
the lesult, a=0.25; b= —1 

3. Write clown a general fonnula of a 
number having x hundreds, y tens and 
z units, 

Class IX 

1. At what value of m will the system 
of linear equations 

(m— 1) x— 2y=2m—3 
•—6x-|-3 (m-~2)y = 10.5 
have; 

i) one solution 

ii) an infinite numbci of solutions 

iii) no solution aL all, 

In older to save time, it is advisable 
that copies of the work should be dis- 
tiibuted among pupils. 


The wiitlen contiol work should be 
corrected immediately and discussed in 
the class in the next lesson. This will 
ensuio that the pupils have undeistood 
their mistakes The analysis of the con- 
tiol work after a long gap becomes in- 
effective, because pupils foigel the 
content and lose interest in it, 

While analysing the lesulls, the 
teacher should fust give a general ana¬ 
lysis, then point out the best woik, and 
at the end indicate some mistakes and 
ways of connecting them. 

One of the fiist steps to be taken for 
mnoving shmlcomings in the know¬ 
ledge of each pupil should lie m gua¬ 
ranteeing independent solving of exci- 
ciscs in the post-control work peiiod. 

(b )Short written work or shoit con- 
tiol woilc is given to check the pupils’ 
mastery of the problems studied and to 
select some additional pedagogic mea- 
suies to develop pupils’ knowledge and 
skills. F 01 example, in Class VII, after 
the pupils’ initial acquaintance with 
valency, and with working out of for¬ 
mulae by valency and finding the 
valency of elements in combinations 
from their formulae, the teacher should 
give a short 15-minute item of wriLten 
contiol woik al the end of the lesson. 
This woilc may contain the following 
questions: 

1. Wiite down the formulae of the 
oxides of the following: potassium, 
magnesium, aluminium, sodium and 
calcium. 

2. Find the valency of the elements in 
the following combinations : 

H a S, CH 4 , Fe 2 0 3 , S0 2 , BaO. 
Specimen Work in Mathematics for 
Class VI 

I. The isosceles triangle ABC has the 
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base AC. The congruent segments 
AM/C.N me nuuked on its sides. 

Find CM, if AN - - H cm. 

2. Draw an isosceles tii.nigle, cliaw 
altitudes from die xertices of its acute 
angles and a median from die voles of 
llio triangle. 

Such pmbleins may he given in two 
to four variants. 

(c) Cheeking of written home 
work. Checking ol wiitlen homework 
is carried out by various methods. 
The teacliei goes to the pupils' 
desks and looks through then note¬ 
books. Simultaneously one of the 
pupils’ desks and looks tlmmgli then 
note-books. Simultaneously one of the 
pupils does the. same home work task 
on the blaekboaid. Such a form of 
checking is advisable in case the homo 
work does not contain quantitative cal¬ 
culations or working out of formulae 
and equations. Sometimes, the teacher 
may thoroughly verify and evaluate the, 
homo work of the different pupils, o.g., 
at the stait of a lesson in mathematics 
lie may give a test paper for seven to 
ten minutes, containing questions simi¬ 
lar to those given for homework. 

While verifying pupils’ note-books, a 
teacher should pay the utmost attention 
to the correctness of calculations and to 
whether the pupils have done the work 
systematically. 

The teacher should also write on 
pupils’ note-books remarks, recom¬ 
mendations, additional exercises to be 
done, etc. Special alien Lion should he 
given to language and expression, which 
should be simple, clear, precise and 
scientifically correct, 

(C arid D) Checking with the Help of 
Experiments Done by the Pupils. The 
essence of this checking is to give to 


one pupil m the whole class an expen- 
menial task during the emnse of which 
till' teacher obsoives, asks questions 
looks through then calculations, etc. We 
ha\e all cady discussed m this paper 
methods of checking pupils’ knowledge 
and skills with the help of experiments 
m the pun ess of oral checking. 

Checking pupils’ practical skills 
while they cany out luboialoiy experi¬ 
ments pie.senls a great difficulty for the 
toaehei since lie cannot fix his eyes on 
tin* whole class, but the teacliei may 
concent)ate on obseiving m detail four 
to ,si\ pupils, and at the same time, 
watch the whole class winking. 

The teacliei .should evaluate the 
laboraloiv wank of the pupils whose 
woik lie intently observes. Thus, he 
may evaluate the laboratory work of 
four to six pupils in a period. 

The eonliol practical weak is an ex¬ 
tremely fi tut fill method of checking 
pupils’ knowledge and skills. At such 
a control lesson pupils aie given ex¬ 
perimental problems, lequiung the 
exercise of the entire scope of their 
knowledge and skills obtained in the 
course of studying one or two themes. 

For independent solution of the ex¬ 
perimental problems, pupils should 
map out the plan of solving the pro¬ 
blem, sketch the needed apparatus, 
demonstrate an experiment and write 
an account, etc. 

The following are some examples of 
experimental problems for practical 
work in (Hass IX cm the theme ‘Halo¬ 
gens’. 

Problem 1. Prove experimentally that 
hydrochloric acid consists of hydrogen 
and chlorine. 

Problem 2. Piove experimentally that 
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the substance given to you is sodium 
bromide. 

Problem 3. Cany mil mictions charac¬ 
teristic of; (a) hychocliloric acid, (b) 
sodium cblondc*. 

Problem 4. Detect among the, packets 
of solids given to you: sodium chloride, 
sodium bioinide, sodium iodide and 
sodium carbonate. 

Problem 5. Add zinc dust to a trsL- 
tube, half full of biommo water. Stir 
it with a glass lod and beat it lightly. 
Do not stir it foi a while, In case a 
colouiless liquid is obtained, pour it 
into two test-tubes. In case the liquid 
does not become colourless and the 
zinc lias been completely used up, add 
some more zinc, slii iho mixture and 
heat, 

Add chlorine water to one of the test- 
tubes and silver initiate solution to the 
otliei. Obscivc and explain the changes 
that occur. 

Problem 6. Detect winch of the test- 
tubes given to you contains; ( 1 ) hyclro- 
chlonc acid, (ii) sodium hydroxide. 

By giving pupils control experimental 
work, a teachci is able to check their 
theoietical knowledge and their ability 
to apply their knowledge to solve 
piactical problems. 

The main requiiements foi carrying 
out laboiatory woik aie: 

(a) Complete preparation of experi¬ 
ments, including a precise assembling 
of apparatus; 

(b) The correct order of carrying out 
of operations in the process of an 
experiment, 

(c) The ability to explain and deduce 
conectly; 

(d) Obseiving the rules about hand¬ 
ling reagents and equipment; 

(e) Cleaning the place of work; 


(f) Willing up an account reflecting 
a pupil’s woik, observations, deduc¬ 
tions, eLc. 

In mathematics it is necessary to 
check the, skills and habits of using 
instillments like the slide rule, dividers, 
calipers, set squaie, etc. 

A tcachci should fix in advance the 
dales and themes of wiitten control 
work and practical work and a sum¬ 
mary of the talk. Besides, a teacher 
should coordinate the dates foi carry¬ 
ing out these items of woik, lest they 
should clash with other work. 

Summing up, one can say that a sys¬ 
tem of checking pupils’ knowledge and 
skills inquires a variety of methods, 
since each method has its’ particular 
puipose and facilitates the most effect¬ 
ive examination of the different aspects 
of the knowledge and general deve¬ 
lopment of the pupils. 

Gradation of Pupils’ Achievements 

Evaluation of pupils’ knowledge 
stimulates them to develop better at¬ 
titudes to sudy Quesions on a lesson 
should be followed by the teachers 
evaluation of the pupils’ knowledge and 
abilities. This evaluation should cha¬ 
racterize briefly the form of the scale 
used to mark the level of knowledge 
attained by the pupil. While the 
evaluation of knowledge and abilities 
stimulates pupils’ diligence, the an¬ 
nouncement made by the teachei m 
the class about the maik given to a 
pupil, along with the full reasons for 
it, is even more stimulating. 

The main requirement of a maik is 
its objectivity. It should reflect the 
real level of a pupil’s knowledge and 
must be neither an overestimate nor 
an underestimate. 
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The following could be a convenient 
five-point scale; 

Excellent (Mailt 5 1 is the highest 
mailt, evaluating not only know¬ 
ledge of the content, but also the 
form of its delivery That is to .say, 
the answers should he correct 
scientifically; they should be com¬ 
plete, revealing a concrete idea of 
the subject, and comprehension of 
the pmblcm; they should indicate 
ability to apply theoretical know¬ 
ledge to practice; and they should be 
consistent and properly worded, 
Good (Mark 4) is a mark evaluating 
knowledge that satisfies the above- 
mentioned requirements. But ihe. 
answeis may contain a few inac¬ 
curacies, which can easily be cor¬ 
rected by pupils themselves, and also 
small defects in delivery. The 
answers may be incomplete. 

Fair (Mink 3 is a mark evaluating 
an answer correct generally but un- 
schemalic, or an answer which may 
not be concrete but vague, While 
answering, the pupd encounters diffi¬ 
culties in the analysis and generaliza¬ 
tion of the factual material, The 
mistakes are corrected by the teacher 
with or without tile help of other 
pupils 

Poor (Mark 2 is a mark given in 
cases where the pupil does not know 
the basic material and makes gross 
mistakes, 

Very Poor (Mark 1) is given when 
the pupil has no knowledge at all 
and docs not understand the mat¬ 
erial studied, 'Very poor' is given 
in extraordinary cases where the 
pupil does not systematically prepare 
foi the lessons, 


'Ihe level of the, pupils’ knowledge 
letpiiied mcieases in the higher classes 
Pupils of .senioi classes should analyse 
nioie det ply the nmtmal under study 
I'hey should lie able to come to inde¬ 
pendent eon elusions, based on ohseiva- 
tions and expei nnonts, to phrase in 
pieeise bims the legulaulms of living 
n,lime, to espiess the material com- 
pleleh and aeemalely, and to cite 
addilioii.il popular and scientific 
lilciatuie. 

Maintaining the Register of Records 

When lint teacher knows the methods 
lor constant check mg of pupils’ know¬ 
ledge and the method of grading, lie 
should keep a complete lccnid of the 
achievement maiks obtained by each 
.student, 

Tlio maiks obtained by three to six 
students in a period should be an¬ 
nounced in [hi! class and then entered 
in the record regislci. This legister 
will not only tell the day-to-day im- 
piovcment made by the students but 
will also reflect the effect of the teach¬ 
ing 'flit; topic or the lesson taught by 
ihe teacher and the homo work given 
will also be entered in the same regis- 
tni. It possible, the teacher may also 
Jueord under Ins signature the marks 
obtained by the individual students in 
their dairies. 



Submarine Geophysics 


M ORE than 20 years before experts 
proudly announced that, with the 
aid of artificial satellites, they had 
established the true shape of the world, 
tha details were known. As far back 
as the nineteen-thirties the Dutch pro¬ 
fessor Felix Andrics Veiling Meinesz 
(born on 30 July 1887) had established 
it. When the results of the American 
satellite reconnaisances were made 

known, lie smiled and said- “They 

By courtesy Royal Netherlands Embassy, 
New Delhi 


have not made any mistakes; but it is 
not so simple as all-thatl” 



Prof, Vening Meinesz 


He was too modest to engage in bli¬ 
ther comment. I recall a conversation 
with Prof. Vening Memesz in which 
he told me: 

They made a good deal of fuss 
about my work at the time. It was 
only because of the spectacular 
external aspects. The public has 
hardly ever shown any interest m 
the scientific side, and rightly so to 
a point, because work of equal or 
higher quality in other scientific 
fields is going on in the laboratories 
of every university in the Nether¬ 
lands and there’s little interest in 
that either. 

Several decades ago, however, the 
Piofessor did altiact public attention 
on a large scale. That was when he 
made a number of journeys by sub¬ 
marine. The submarines m which he 
travelled were provided by the Dutch 
and — on two occasions — American 
navies. It all started with a stiange 
and unexpected commission which 
could not be fulfilled until a certain 
discovery had been made. 

Professor Vening Meinesz had quali¬ 
fied as a civil engineer but he had 
rather an aptitude for pure scientific 
lesearch, and he eagerly grasped an 
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oppoiImnty In cany out seveial pro¬ 
jects in tins field. 

That was round about 1910. At that 
Hint* thc> international geodetic com¬ 
mission chew up plans to carry out 
gravity measurements nil over the 
world. Three, points were chosen foi 
measurement in the Netherlands. The 
Dutch may pride, themselves on having 
won their crnmtiy, yard for yard, from 
the clutches of the sea; but the fact 
remains that the soil is unsatisfactory 
in some, respects. It was too soft for 
the delicate measurements which 
Veiling Meincsz wished to make, and 
vihurtron and movement eliminated the 
possibility of a satisfactory le,still. 

This led the young engmcci to em¬ 
bark on the development of a new 
instrument, the thice-pcnduhim gi am¬ 
meter, which is now used for gravity 
measurements almost everywhere in 
the woild and which is virtually insensi¬ 
tive even to a ship’s movements. 



The three-pendulum gravimeter 


1'iom (lie very beginning young 
Veiling Memos/ knew Hut a plan 
existed lm world-wide giavrly measure¬ 
ments winch ignored the oceans. These 
accounted foi nunc than two-thuds of 
the cm Ill's surlacc, but then* just was 
not an mslinment m existence capable 
of under hiking giavitv measurements 
while being opei.ileil on a pitching, 
rolling ship. 

The instrument which Veiling 
Meine.s/, developed and which earned 
him a dogieo was workable on a ship 
undoigoing moderate movements. Un¬ 
less the instrument could be, improved 
upon, the pioblem was to lendei the 
loslr ictions on its operation ineffective. 
So what about an underwriter craft? A 
submarine fathoms below the suifaco 
would fulfil the lcqunecl conditions 
even in lough seas, 

There followed a period of fifteen 
years (11)23-1938) in which Veiling 
Moines/ nuclei look ten voyages, travel¬ 
ling, fm instance, from the Netherlands 
via the Sue/ (lanal to the iminer Dutch 
East Inches, across the Atlantic Ocean 
via the West Inches, the Panama Canal 
and the Pacific, and again via the South 
American continent, the Cape of Good 
Hope anil West Australia, to the same 
destination. It was these voyages more 
than the weak which was carried out 
on them that brought fame to him. 
That work consisted of submerging and 
submerging again, all the time taking 
gravity measurements. Those! provided 
an important basis on which the young 
civil engineer could further theorize. 

Below its rigid, 35-kilomclrc thick 
crust, the mantle of the earth reaches 
down to a depth of 2900 kilometres. 
Veiling Mcincsz found that in this 
mantle vast current systems occur, 
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piocecding at a Speed of a few eenti- 
melj es pci year. The mu nils cause 
strong deformations of the must. 
Where it is compic.sscd, folded moun¬ 
tain ranges originate. If the cmst is 
undci tension, a ‘gialien’ is fonned 
between two using blocks, e.g., the 
Upper Rhino Chalien between the 
Vosagcs and the Black Forest. When* 
one crustal hlock is moving along a so- 
called fault plane (a lilt) in regard to 
another block, these movements give 
iise to severe earthquakes such as the 
San Francisco earthquake of 11J06. 

One of these current systems rises 
under the Asian continent, travelling 
roughly south-east. This causes stiong 
crustal dcfoimalion in the Indonesian 
Ai chip dago; lienee the earthquakes 
mid volcanoes in this aien Similar 
phenomena occur in the, Philippines 
and Japan. The. deep ‘trenches’ in the 
Western Pacific arc* likewise symptoms 
of the crustal compression caused by 


this cm lent system In addition to the 
geophysical conclusions already men¬ 
tioned, the giavity malenal obtained on 
Veiling Meincsz” submarine ciirises was 
also important in determining the 
‘figure’ (shape) of the eaith. It was 
known at the time that the eaith re¬ 
sembles an inegulai potato and not, as 
was aigticd (in view of satellite find¬ 
ings), a pear. But veiy likely it will 
not prove to be as irregular as was 
supposed. The deviations (and this 
applies to oceanic deviations as well) 
pinbably never exceed 40 meties 
Satellite observations aie admittedly 
of gicat value for the establishment of 
tlu* figure of the earth. In this field, 
theic* is still a great deal of woik to be 
done. However, details of the devia¬ 
tion of the earth's surface, such as re¬ 
vealed by Piofessoi Veiling Meinesz 
and others, will never be obtainable by 
satellite observation As the Professor 
pul it: “It’s not so simple as all that! 
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Low Temperatures 


O F the many luanehes of physios, 
[ow-lompeialuic physics has a place 
all lo itself. This is the world of pheno¬ 
mena that appear m the neighbourhood 
of absolute zero. While the scale of 
temperatures is apparently unlimited at 
the Lop (we could heat a substance 
indefinitely if we had the means), we 
reach an inviolable thieshold when we 
lower temperatures. This threshold— 
around 273 degrees below zero degieo 
Centigrade—is called absolute zero. 
And man will never achieve absolute 
zero, because each fractional drop bc- 


(nnns more difficult to achieve, the 
f Insci mu chaw s to it 

Wo have chosen lou temperatures as 
a nusMiuds because they, and their 
rimti• spi ci d techniques, arc now at 
the he.nl ni a number of discoveries in 
width diiieient fields By tracing 
lltct rule in each field, we can see then 
iiupuiUtm e in lese.ueb on the constitu¬ 
tion ni matin (lime, the study of liquid 
helium has insulted in a great deal of 
dulai. We shall also lv able to inrdei- 
stand the mnnv uses of superconduc- 
tms iii technology, whether as power- 
iul multipurpose magnets, as parts of 
electronic brains, or as aids to the 
eons'ruction ni lumen tows electronic 
devices 

Low -tenipeiuluie phvsies entered our 
imis c-isi• at the beginning of this cen- 
tmy when a 1 hitch physicist, Rammer- 
lmgh thmes of Leyden, slnbhoinly set 
out to .ichieve a tcinpcralme as close as 
possible to absolute zeio. With the 
facilities then at his disposal, he spent 
most of his oHnits in trying to bring 
objects down to temperatures at which 
the \oiy air we breathe becomes rock- 
hard. Onnes pursued his idee fixe till 
lie opened the door of a world so re¬ 
mote and so inaccessible that he would 
have been quite .startled to see his ex¬ 
periments become, everyday practice 
in industry. ITc, was awarded the 
Nobel Prize for this lesetuch. 

First of all, Onnes succeeded in 
liquefying helium, one of the family 
of ‘noble’ gases, so called because they 
are chemically inert and refuse to com¬ 
bine with olhei elements. Helium, a 
very light gas and the second clement 
after hydrogen on the periodic table, is 


From Science Today 
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paiticulaity liaid to liquefy thiough 
cold, This most icbellious of gases 
becomes liquid only when it is chilled 
to 269 degrees below zeio Ccntigiade 
As yet no one has succeeded m fi coz¬ 
ing it into a solid state When it be¬ 
comes liquid, it takes on some unique 
piopcities which me now revealing to 
us certain scciets of mattei. To Onnes, 
it was mainly a convenient way of 
cooling othci substances, just as you 
cool a bottle by placing it in iced water. 
His method is still used today—on a 
huger scale 

Liquid helium docs not merely pro¬ 
vide a convenient way of cooling 
objects under study; it is itself one of the 
strangest liquids in existence, and a 
fascinating subject of lescarcli. Accord¬ 
ing to its temperature (that is, within 
the nanow range from —269° to 
—273° wlicie it i cumins liquid) it may 
behave like any ordinary liquid—it can 
be shaken, oi sloicd in a container—or 
else it may suddenly acquiie unexpect¬ 
ed propei ties For example, it can lose 
all viscosity and become supci -fluid’. 
Then it easily passes through holes so 
small as to be non-existent. Or it can, 
climb the walls of its con tainei and 
escape over the brim. These are mani¬ 
festations of the phenomena governing 
the behaviour of the elementary pai ti¬ 
des that compose matter. The study 
and undeistanding of these apparently 
inexplicable facts can tlicrcfoie tell us 
about the intimate piopcrties of matter 
and energy, and of liow they interact, 
Lev Landau, the Soviet scientist, re¬ 
ceived the Nobel Piize last year for 
having shed fresh light upon these 
phenomena. 

Onnes overlooked liquid helium’s 


stiange beliavioui, but he did discovei 
a number of new phenomena by plung¬ 
ing different substances into lus cold 
bath. The most unexpected and the 
most lewaiding was the superconduc¬ 
tivity of metals, a laie example of per¬ 
fection in nalme. By chilling metals 
to the vicinity of absolute zero, it has 
been obseived that some of them be¬ 
come 'superconductors’ at a given 
tempeiature—that is, they conduct elec¬ 
tric current without offering the slight¬ 
est lesistance. 

This resistance, a form of friction 
ciealed when current is passed through 
any noimal conductoi, disappears as if 
by magic once a certain temperature 
thiesliold lias been crossed. This 
threshold, more than twenty degrees 
above absolute zero, vaiies fiom one 
metal to another. If an eleolric circuit 
is ciealed with a specific metal (about 
thirty such metals are now known, and 
new ones are being discovered all the 
lime), and if this ciicuit is sufficiently 
chilled, and an electiieal impulse sent 
over, it will continue to flow for yeais 
without weakening and without re¬ 
quiting a generator to maintain its 
strength, as in the case of ordinary 
ciicuits. 

This peculiar property of certain 
metals and alloys obviously had some 
attractive applications. It was a tempt¬ 
ing idea to use superconductors to 
achieve electiieal connections without 
any losses so that extremely strong 
cunents could be carried by very small 
cables, for this would have cut down 
heavily on the use of costly metals. 
But, first of all, how could you keep an 
electric power line crossing the coun¬ 
tryside at the tempeiature of liquid 
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helium? Hi is was certainly beyond 
the reach of technology, and, of eom.se 
still is 

Then an even inmo senous ohstaele 
sprang up: as soon as a supereonduetoi 
is placed m a magnetic field of suffi- 
cii*nt strength, its 'polled' state ends 
and it nets like an oidinaiy condneiui. 
even if its toiiiperatiiie. is still low 
enough to enable it to remain a super¬ 
conductor without this magnetic field. 
Naturally, when you send a current 
through a wire, this current creates a 
magnetic field which increases with 
the strength of the current. In other 
words, as soon as anyone tried to 
harness super conductivity, it automati¬ 
cally disappeared. It looked like 1 a 
blind alley. 

To overcome this major pioblem, 
physicists, chemists and technicians 
joined forces. This research began 
many years ago, and is in fact still 
going on. But the first positive results 
me already encouraging' supeiconduc¬ 
tors whose properties remain un¬ 
changed even by strong magnetic fields 
have been discovered. By sifting 
through a vast langc of alloys, scientists 
have found some, like the alloy of tin 
and niobium (a rare metal, somewhat 
like bismuth), that maintain then per¬ 
fect conductivity while allowing ex- 
ticmely strong eunents to pass. 
Although rosemelieis are still trying to 
discovei an alloy that lias the best 
characteristics, engineers are already 
using an arsenal of new metals. 

At the same lime, low-temperature 
techniques have made such cnormrius 
progress that it is now almost routine 
to chill even large masses to the vicinity 
of absolute zeio. Liquid helium, 
which is being used as a cold bath for 


these objects just as in ()nnc*s' time, is 
uiiv. muss pioduced and laboratories 
can buy it as an oidinaiy commercial 
pioduct. 

While it is not certain that the high- 
tension lines now eass-eiossiug indus- 
tiial eountiii's can be lupidly replaced 
In netuoiks of super conductors 
(although some seumis thinking is 
being done on the subject), these mat¬ 
erials have already been used to build 
transformers m which miles of wire 
are eompiessed into a small space, In 
the futuie, big transformers using 
supeu'onduelois will be 1 much less 
bulky than <mi present-day monsters, 
and incomparably more efficient, 

Magnets for Moulding Metals 

In the same manner, it is now possi¬ 
ble to (.•nnsliuct electiomagnets more 
powerful than any in existence. The 
ordinaly electromagnet, a huge coil 
through which powerful eunents are 
sent, icaches its peak at a few scoic 
thousand gauss (The gauss is a unit 
measuring the slicnglh of a magnetic 
field, an oidinaiy horseshoe magnet, 
foi example, pioducos a fe.w bundled 
gauss.) These electromagnets consume 
huge amounts of electric current that 
just heals them up—and then whole 
Ion cuts of water arc needed to get rid 
of all this heat. 

Kleclromagnols with supercondnc- 
tois are making their appearance, and 
will soon be able to cieale magnetic 
fields as high as a million gauss, con¬ 
suming virtually no power at all. These 
magnets will be. powerful enough to 
shape, steel as if it were clay, and it is 
quite possible that the enormous press¬ 
es of today, the pride of our steelmen, 
will eventually give way to coils wound 
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with superconductors. When propcily 
placed, these coils will pioducc magne¬ 
tic fields whose dnoction and intensity 
can be contioiled, and which will 
mould steel mgols into whatever shape 
is needed. 

A product of progiess, supciconduc- 
toi magnets will contribute to piogress 
in their luin. It will be possible to 
gain a better understanding of the 
structure of matter and the forces that 
give it cohesion by using these un¬ 
precedented magnetic fields. This is a 
feedback process: yet again we find 
research leading to achievements'which, 
as soon as they are perfected, contu- 
bute in turn to its progiess in fields 
very remote from the ones that deve¬ 
loped them, 

Technology will also benefit from 
supcrconductoi magnets. Tomorrow, 
for example, our electiie power will lie 
pioduced directly fiom heat, without 
going tinough the long pioccss that 
makes up the ordinary steam-power 
station: furnaces, boilers, turbines, 
alternatois, and so on. This process 
extracts in useful form only a fraction 
of the cneigy contained m the oiiginal 
fuel, most of which is consumed by all 
these ‘middlemen’. But soon devices 
for diiectly converting IicaL into elec¬ 
tricity will break all efficiency lecords. 

Among these short cuts in electiicity 
production, the most promising seems 
to be the magnetoliydrodynamic gene¬ 
rator. This is the mystoiious name for 
a simple tube placed in a powerful 
magnetic field, A high-speed jet of 
very hot gas, produced directly by 
burning whatever fuel is used, is shot 
into the tube. This gas is ionized be¬ 
cause of its temperatuie and because 
of a preliminary treatment which it 


undeigoes. As a lesult, it becomes a 
conductor which allows electnc cur¬ 
rent to pass, unlike cold gases, which 
act as insulators. The movement of 
this gaseous stream thiough a magne¬ 
tic field genciates a current which has 
ineicly to he Lapped. Tlieie is a long 
way io go befoie this process reaches 
perfection, and a number of problems 
still have to be solved. But specialists 
have eveiy chance of success, and they 
will find superconductor magnets indis¬ 
pensable for producing the field requir¬ 
ed by the generator. 

These same magnets will also be of 
tremendous help in the construction of 
laige particle accelerators (which may 
well be larger than a sports stadium) 
that now enable us to penetrate the 
intimate lecesses of mattei. In these 
devices elementary particles are acce- 
lcialed by intense magnetic fields that 
send them spinning on a sort of gigan¬ 
tic, veiy precise merry-go-iound. 
Supeiconductois will perhaps be used 
to pioduce these fields 

The study of elementary paitides 
also makes use of veiy low tempera- 
luies in another way. One of the indis¬ 
pensable accessories of a big accelera¬ 
tor is the bubble chamber’. In this the 
trajectories of invisible particles take 
shape as necklaces of tiny bubbles 
within a special liquid whose atoms 
also seive as taigets for these paiLicles 
once the accelerator has given them 
enough speed. Each collision of a pai- 
ticle with atomic nucleus in the liquid 
gives biith to showeis of new particles 
which appear against the chamber’s 
black background, and are photo- 
giaphed before they vanish. 

By examining hundreds of these 
photos, scientists have discovered a 
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par tales (In' li.nl pi»v ime.h, !’•«»■ on 
nutiitil. I? v..is mi this v..iv. ini I'vim 
pit, shit ii m, minis at Binnkli.n i n. in 
tin- t uitr il St .tit s, mnl .it i n’sii in 
(.1 in v .t 1 1 In < Knmpi .in Oig.uii/nlion lm 
Nmli'.ir Him, mil;, ilist nvi rnl simul¬ 
taneously. with smiil.ir .ipp.n.itns. n 
new elrnn iit.nx p.iiticlr. thn nnU-kst 
In huth i «ist's, ,stmlms had In hi' in.uV 
of Inis of thuiis.uuh uf pholos* taken in 
hnhhle ehuinbeis. These chambers are 
within the scope of Inw-leinperaturi; 
h seal eh because they are usually filled 
with liquid hydrogen, a gas rxUemely 
difficult to hquelv. Piesent lmlihle 
eli.mihiis are mine than tlnee feet m 
diameter, and it is quilt* a feat to pio- 
duee appaiatus of this soil when* tern 
peiatmes must lemain peifeetly stable 
at a level of about twenty devices 
above absolute vino. The bubble cham¬ 
ber would not exist without the lung 
tiadilion of research in low tempe- 
raUiies. 

Two Extremes of the Temperature 

Seale 

This eoneoui.se of nuclear physics and 
low-temperature techniques offers us 
yet another hope. Superconductor 
magnets may bo used to achieve the 
'magnetic bottles’ required for laming 
fusion energy. Evci since the develop¬ 
ment of the It-bomb, scientists have 
been trying to control this foirn of 
encugy, just as fission energy is control¬ 
led in nuclear micLois. The solution 
is still a long way off. 

The problem is to place in an appro¬ 
priate container a ‘fuel’ consisting of a 
mixture of heavy hydrogen isotopes, 
then to biing this mixture to tempera- 
tuies like those in the centre of stars 


C'"im I'os of miliums of degrees) for a 
lun", (iioni’li lime, t'udei such a tem¬ 
pi i.itni". the nuclei uf the hydrogen 
,tli ails would combine to produce 
In ,nii ) aloiii', 'll the sailic time a con¬ 
sul. t. tide amouul of eneigy would be 
leh.iscd and tliis would keep llui le- 
,]i hun iv ni; 

'I wo in n<<i obstacles thwait this pro- 
jet I. In tin- *iist place, the stellar tem- 
peialures nettled to start the reaction 
lias e yet to be achieved. In the second 
plate, a container that will stand lip to 
such a lempeiature must be found. 

Wink on the fiisl problem is slowly 
prosriesMiig, Entlct the onslaught of 
plivsus and technology, the. tempera¬ 
tures obtainable aie rising continually, 
and so is tin length of time they can 
lm maintained. (Obviously, it is not 
possible Id set ofl tins reaction in tire 
iabnialorv by exploding an II-bombl) 
The wtond problem still seems inso¬ 
luble: gas brought to such temperatures 
cannot he contained in any known re¬ 
cipient, If it merely graved the wall 
of a container, the container would dis¬ 
appear. and the gas itself would lose 
its high temperature. 

This plasma (plasma is a stato of 
matter different fiom the three gene¬ 
rally recognized stales—gas, liquid and 
solid, in this state of ionized matter 
atoms have lost the elections that usu¬ 
ally rotate around their nuclei) can be 
contained only in a very powerful mag¬ 
netic field of a certain shape, a sort of 
invisible 'bottle.' which is still evading 
scientists. 

Theoretically, such a field could keep 
hot gas away from the sides of a tube. 
Extremely powerful magnetic fields are 
needed to hold back particles launched 
at the sides of this tube at high speed. 
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It is not inconceivable that magnets 
constiucted with the help of supei- 
conductois can be of consideiable use 
to lesearch workers in this field. 

There is still another important field 
of application for superconductors, and 
one which may be decisive for the ad¬ 
vancement of science in the futuie: the 
field of the electionic biain. The fact 
that, in most superconductors, a mag¬ 
netic field can deslioy the superconduc¬ 
tivity of a wne placed within the field 
—and that this supeiconductivity re¬ 
appears as soon as the field vanishes— 
has given specialists the idea of new 
circuits foi electronic computing. 

This means that low temperatuies 
could be used to solve one of the 
crucial pioblcms of our time Giant 
computeis aie among the most prized 
tools of modem rcseaich. Eveiy few 
months, their total number in the world 
doubles; they arc being developed so 
lapidly that manufacturers are afraid 
to go into mass production in case their 
machines become obsolete before they 
can be used. The requirements of the 
screntific consumer are going up 
steadily, as is the complexity of the 
problems to be solved. To meet them, 
it rs becommg necessary to build com¬ 
puteis one bundled or one thousand 
times moie powerful than the ones 
now in use. 

A setback in the field of the electronic 
brain would compromise the advance 
of science in far loo many realms. This 
is why vaiious branches are now mak¬ 
ing a common effort. Solid-state phy¬ 
sics, the science of semiconductors, the 
chemistry of lngh-purity compounds, 
mathematics, molecular electronics and 
bionics are all working together to per¬ 
fect the technique of giant program¬ 


mers Above all, the capacity of then 
‘memories’ and their speed must be 
mci eased. 

The lettei pioblem depends very 
much on the dimensions of these de¬ 
vices. In effect, computations aie 
made with the help of electiic impulses 
travelling at the speed of light. This 
speed may seem infinitely high to us, 
but it is already beginning to set limits 
on the rate at which computations can 
be made, We now ask electronic 
biains to perform a thousand million 
operations per second. Each one, 
therefore, must last less than one 
thousand-million of a second—an inter¬ 
val in which an electric impulse travels 
less than one foot. If the size of the 
computer is mci eased, then impulses 
waste time travelling instead of doing 
useful woik. In other words, m order 
to make moic powerful computers, 
their size must be drastically reduced. 

Superconductivity offers some origi¬ 
nal solutions to this problem. Ciyo- 
tions—small components that replace 
ordinal y memory and switching de¬ 
vices—are constantly shrinking, enab¬ 
ling a laige number of circuits to 
be housed on small surfaces. The 
pnnciple on which they opeiate is a 
simple one: two wires of diffeient 
metals, both superconductois, are 
placed side by side. If a current, even 
a weak one, is sent tlnough one of 
these wires, it creates a magnetic field 
around it. The second wiie is design¬ 
ed in such a way that its neighbour’s 
magnetic field should be enough to 
eliminate its own superconductivity A 
current, even a weak one, going tlnough 
the first wire will therefore block the 
movement of a strong current through 
the second wire. On the other hand, 
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us soon <is th»' Jirst eunm 1 is nit, tin 
second c;m move without au> dillii nll\ 
Tliis is a basic operation fm list- t let- 
in tine tnmpuler, 

'Ilic main disadvantage of the n\n- 
linn enniputei--tin* need to chill it in 
liquid helium tail he pieath nvei 
enrne hy dcsiymnq small'r units. On 
the military, unit of then advantages is 
that they require unly -a mo\ small 
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aiumml nf pnwu to opcuilo because of i 
the ini umpaiaide efficiency of their 
snpeiemiducturs. 

Inda\ it is not at all eeitain that 
ei\nlioiiu luains will lephicc the ordi- 
naiy coiiiptiter working at culinary 
t< mpnaliiie. Ilnwevet. they look pro¬ 
mising and in some special eases, such 
as in space vehicles, may olfei considei- 
ahle ads .ullages. 
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WATER Ml tMIS. Inferential dty dial ivpc lm domestic and iiulusto.il use, available 
0 in 15 mm, 20 mm anil 25 mm si/es anil apprised by the IXiS&t)., New Delhi and the 
Water Supply Dcptn Intents all over India t'ne mine than a decade. 


MICROSCOP1S: Sluilem and Rcscaicli type lor studies in botany, pathology and 4 

/oology in colleges and universities and for medical, bacteriological and seicntilio labo- ? 

| ratcuics, appiovcd by IXiS&l) and vaoous .State timeiiimenl Departments. 5 

?• PRESSURE GAUGES Bourdon type pressure gauges in 2} inch, <1 inch and 6 inch ? 

$ dial sizes, calibrated both in pounds per squaio inch and kilogram force pci square ecnti- ? 

6 meter, available in various tanges. 4 
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^ GOVERNMENT PRECISION INSTRUMENTS FACTORY \ 

® iJltnr Pradesh | 

2 P.B. No. 153 , I.ucknow j 
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The El ectroret in o gr am 

A Mew Avenue of Research 
into the Butin 


A fresh wiiy of exploiing the wak¬ 
ings of the brain lias been found 
by London medical lesoareh workers. 
They have made a device called an 
electrorctmogram. Broadly speaking, 
it perfoims the same function lor the 
eye as the elcctrocaidiogiam paforms 
for the heart ox the elecltoencephalo- 

Reproduced with kind permission fiom 
Spectrum, 29.2-3, October 1966 


fiiam for the biain. Both those aie 
now used nonnally in treatment of 
patients and it is hoped that the elcc- 
tiorotinogiam will likewise become 
used hv ophthalmologists all over the 
woild. 

In principle, the elcctroietmogram 
iccoids the liny electric currents or im¬ 
pulses that occur in the cells of the eye 
when they aie stimulated by light or 
some other cause. These currents can 
he, picked up by small clectiodes which 
arc attached to the patient, implanted 
in him 01 stuck on to a special veision 
of the ‘contact lens’ (a piece of glass 
c» transparent plastic to oveicome see¬ 
ing defects which fils over the eye-ball 
and under the eyelids, and which is in 
contact with the eye itself). 

The oiiginal purpose of the machine 
was to enable the doctoi to tell whether 
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The retina (stippled) only produces 
current when a light flash enters the 
eye. It responds so fast that the 
current is moasuied directly. 

the mtina, that is, the layer of cells 
at the back of the eye which is res¬ 
ponsible for sending signals to the brain 
when light falls on it, was still win king 
properly when it was possible to look 
at it. The, easiest way to pint mo this 
requirement is to consider the ease, of 
a poison blinded by cataract, the dis¬ 
ease, which makes tin* whole ti ap¬ 
parent front surface, of the eye opaque. 
Nowadays, it is possible to cure Ibis 
condition by cutting away the opaque, 
lens and giafting in a transparent lens 
from the healthy eye of someone who 
lias died and left his eyes for this pur¬ 
pose. There is, of coiuse, no point in 
performing this operation if the retina 
at the back of the eye is not working. 
Usually the surgeon or ophthalmologist 
can tell if it is working by looking into 
the eye, and performing tests through 
the transparent front, which lie, cannot 
do through an eye affected by cataract. 

The elcctioretinogram was the first 
machine ever made by medical science 
which could examine the eye without 
someone actually looking at it, and it 


is highly successful as a diagnostic tool. 
It was devised by a team under Dr, 
(h-offiry Arden at the Institute of 
Ophthalmology in London. This Insti¬ 
tute is pint of the same organization 
as the wtulcl-farnous Moorfields Eye 
Hospital and s ritually all the advanced 
post-graduate training of eye specialists 
and the corresponding original resemch 
into eye diseases for the whole of Bii- 
tmn is clone there. After the machine 
was made m the laboratories of tile 
Institute, it was put to work in the 
clinics of the, Miku fields Eye Hospital. 

Rut its latest development makes it 
one of the most exciting looks of ad¬ 
vanced research on the brain. For 
just as it can pick up the immtte clec- 



This diagram shows hnw the electric 
current produced by the ‘feeding 
cells’ is measured. The heavy black 
lino shows the position of the ‘feeding 
cells' m this diagram of an eye. 
They produce cui rent (heavy arrows) 
so that the eye is like a bnltory, The 
current is picked up by wires on the 
skin near the eye. As the eye rotates, 
the current alters as shgwn below. 
The size of the eye-movement cur¬ 
rent depends on the ‘feeding cells’. 

The dimple on it is the fovea. 
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by psychologists. They aie confident 
that they are on the veige of complet¬ 
ing a map of the piocesses of vision. 
Hut they are careful to point out that 
this will not explain human peiception. 
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trie impulses in the eve*, so by the addi¬ 
tion of evtia electiodes on the scalp of 
the patient the conospimding electrical 
impulses in the brain can be nmoidcd. 

It is becoming possible to Hack ac¬ 
curately the places in the biain whoic 
the incoming vision signals aie pro¬ 
cessed. Similarly, then* has developed 
gieater sensitivity and accuracy in de¬ 
tecting exactly wheie in the eye the 
incoming light is turned by photo¬ 
chemistry into electrical neive signals. 

To the scientists in the team lire eyes 
are part of the lnain and not only be¬ 
cause of dnect physical contact. The 
questions that aie now being wmkecl 
out are those of how much processing 
of the visual signals is being done at 
each levcd. What information does flu 1 
eye send to the biam and how much 
sorting out and rejection has the eye Thls dlagram shows how a comput er 

clone bcfoio il passes the signals on? sorts out the response of the brain in 

How are patterns lecognizcd? a light flash. In practice, over 100 

These scientists admit that 

their work borders on that being done the fovea 

Recording brain activity with an electrode placed on the back of the head. 

The patient faces the flashing light and the responses are conducted by the 

wires to a computer. 
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The Geology of 
the Moon 

Gu.m-.iu Fn.Mu-» 


T HE Ej st remarkable close-up views 
of a sample of the lunar surface 
were lecmclcd hy the camera of 
Luna-9 and transmitted back to earth 
early in February 1966. Details smal¬ 
ler than one centimetre iir size are ap¬ 
parent on tire Soviet photographs 
whereas, in the more comprehensive 
lhrngcr series of photographs taken 
earlier by the United Stales, lire; 
smallest objects visible were 10 to 100 
times bigger. Because lire aims of 
these particular American and Russian 


programmes diRried, the data drawn 
hum each sc-l ni results are .supple¬ 
mentary and. together, benefit lunar re¬ 
search gieallv. Yet it must not be im¬ 
agined that the results from recent 
space probes base eclipsed the decades 
ol laborious lunar n-search pci formed 
lierrr earth-based observatories, This 
accumulated .stockpile ol lunai material 
is invaluable in any discussion ol lunar 
gcologv. 

One ol the striking properties of the 
moon is the disparity between the 
brightness of diileicnt parts of the 
stniaee. Tire moic highly leflcc- 
iise paits are lefoned to as ‘lunarrte’ 
and the d.ukci parts as 'lunabase’. 
Large areas ot lunarrte are call¬ 
ed ’continents’ and specific areas of 
hmabase, 'maria’. Several of the maria 
are longblv circular and the laigest- 
Mnrc Imbnmn-mrasurrs some 1300 kin 
from edge to edge. The surfaces 
of maria undulate on a scale of 
lens of kilometres but carry few 
mountains: from our vantage point on 
lire until they are characterized by an 
apparent -• and deceptive—smoothness, 
By contrast, lire continents' are moun¬ 
tainous and the mountains and lesser 
eminences generally iorm parts of the 
‘ling wall s’ of maiia and 'craters’. 

Most authorities ugiee that lunarite rs 
probably acidic rock whereas hmabase 
is relatively basic in composition, Cer¬ 
tainly, it is generally agreed that the 
maria are lava-flooded regions and that 
the lava came later than most of the 
Inna cralois—possibly as a result of tire 
heat generated by the decay of radio¬ 
active. isotopes. Opinions differ as to 
whether the maiia were ongmally dry 


Reprinted from Spectrum, 24. 10-12, May 1966 
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crateis shaped by titanic collisions, the 
cratcis Iatci becoming flooded, or 
whetlici they me purely tcctomc fea- 
luics, in ollioi words, earned by move¬ 
ments of the moon’s nuitoiial. Similarly, 
the continents have been built up pre¬ 
dominantly, it is argued, either by the 
impacts of meteors or igneous and vol¬ 
canic activity. 

There are many different types of 
cratei on the moon For example, 
some aic rudely circular wlrcieas others 
depart fionr the circular shape—they 
might be rectangular 01 hexagonal, like 
ptolemacus. Each Imoai-typo segment 
of the wall of a polygonal daLei is 
generally aligned in a duration that is 
paralleled by the strikes of regional 
faults 01 fractures, and tins suggests 
that such walls are ftactuie-contioiled. 

The ringwalls of large craters slope 
outwaids at a few degrees and inwaids 
at mean angles that rarely make more 
than 30° with tire horizontal. There 
aie many benches in the walls of large 
craters such as the 98 km diameter 
Aizaclrel, and the slopes of specific 
parts of ringwalls can differ con¬ 
siderably. The majority of the smallest 
ciateis photographed by Rangers 
7, S and 9 and Luna 9, have 
inner slopes of less than 10°. Some 
of the craters rocoided in the Ran¬ 
ger series of photographs are parti¬ 
cularly interesting; they have been des¬ 
cribed as ‘dimple craters’. In shape 
and contour they are similar to the pits 
produced in some lava fields on carLh 
by liquid lava withdrawing beneath a 
solidifying crust of cooler lava. 

Lunar faults can often be lecogmzed 
and classified with less difficulty than 
in the case of terrestrial faults. The 
Straight Wall is a well-known dip-slip 


fault in an exposed position in Mare 
Nublum. Its length is about 120 km, 
the dip is between 10° and 40°; and 
tire downthiown block has suffered a 
lclalive veitical displacement of some 
.300 mclies. Othei well-exposed faults 
with normal components of displace¬ 
ment are found in Mare Humorum, 
Maie Tranquillitatis (The Cauchy Fault) 
and m Laeus Mortis. The Altai ‘seleno- 
fault’ piobably follows a complex of 
dip-slip faults There are hosts of otlrei 
normal faults for which there are no 
measurements of dip or throw. 

Although the Apennine fiont has a 
dip-slip component of motion, this is 
accompanied by a lateial component. 
Stake-slip faults aie probably com¬ 
moner on the moon than aie dip-slip 
faults Possibly lateral movements of 
up to 200 km have taken place in the 
case of the oldest recognizable faults. 
The more recent strike-slip faults show 
smaller offsets, but many of these may 
still be measured in kilometres. 

As the most impoilant faults seem to 
be associated with the zones separating 
the maria from the continents, it is rea¬ 
sonable to suggest that the fault move¬ 
ments represent particular diastrophic 
phases in a geneial pattern of stress- 
relief associated with the growth of 
maria. (Diastrophicen means a sequ¬ 
ence of rapid change in the surface fol¬ 
lowed by long spells of slow change.) 
In dipping ciatei-rings situated around 
the outside edges of maiia suggest a 
slate of isostatic control where equal 
masses of material underlie equal 
areas Indeed, the maiia are of darkei, 
possibly more basic, lock than the con¬ 
tinents and it is possible that a state of 
isostatic balance exists with reference 
to the surroundings. 
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Tin* whole face of the moon names 
.i complex of lineaments, consisting of 
elongated hursts or parallel normal 
faults (fieqtienth, segments o) the walls 
of polygonal ciulcrsg grahen fin which 
tin! ship between the faults has sub¬ 
sided), ciater-chains and faults. The 
wiiter distinguishes three strongly de¬ 
veloped systems of lineaments. System 

A, trending SW-NE in legions close U> 
the centre of Urn moon's disc; system 

B, trending SE-MV; and system III, a 
regional system oriented sub-radially 
with respect to Mare Inibrium. 

There has been much discussion as 
to whclhei system III was pioduced by 
fragments limit'd away horn the eon- 
tie of impact with a meteor in Main 
Imbrium or whether the sj.stem of 
radiating lineaments arose in fiaelures. 
Most authorities support the latter hy¬ 
pothesis but differ on whether the fiac- 



Photograph of the moon’s surface 
taken by the U S Ranger moon 
probe, 


tines themselves weie produced by a 
collision m, over a protiactcd period of 
time, by stresses generated in Maie 
Inibrium through a piocess of subsid¬ 
ence. 

It may be shown that many of the 
lineaments originated in strike-slip 
faults - . Small craters frequent the ciests 
of hoist lineaments, which may there¬ 
fore be foilned by volcanic materials 
extruded from fissuies. This mgument 
is strengthened considerably by the fact 
that the ridge-top craters aie commonly 
elongated in the direction of the axial 
tiend of the liclge, thus, these parti¬ 
cular ciateis cannot he of impact 
origin. 

While evidence that some of the 
irmui curlers are of internal, uilhur than 
external, origin has been given above, 
at least some of the curlers on the moon 
must be impact ciaters. In geneial, the 
foinr of a relatively deep, .well-sculp- 
Imed lunar crater is consistent with its 
being of explosive origin, and it is 
known that meteorites striking tire 
nroon at all except glancing angles of 
approach would penetmte only a shoit 
distance and compress the rocks in then 
path to generate; a high-pressure high- 
temperature, gas that would then ex¬ 
plode to excavate a substantially cir¬ 
cular crater. 

However, tests for randomness of the 
distribution of craters oi given diame¬ 
ter show that craters smaller than 411 
km in diameter arc not distributed at 
random: they form chains oi clumps, 
The chains are, associated with tectonic 
features and the dumpiness of the 
craters also supports the theory that 
the majority are not caused by impact. 
Therefore, craters of both types must 
be present on the moon. 
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A view of the moon, showing some of its main features 


The spcetium of the reflected light 
of the moon is similar to the solar 
spectium in the visible region and has 
a characteristic absorption in the ultra¬ 
violet. Faint luminescent bands have 
been detected and compared with the 
luminescent bands of rock samples that 


have been subjected to proton bom¬ 
bardment so as to simulate the solar 
wind—of nuclear pai tides—that plays, 
unimpeded by an atmosphere, on tire 
moon’s bairen surface. Spectrophoto- 
metric data have been used together 
with polarization, thermal and radio- 
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huge lunar crater Ai/aelie) 
which is !)fl km aciies 


v,m data in attempts I) <1* Ifiuiine tlv* 

1 III Jlllstl \ ,111(1 till' pIlVSKSll f.l.lto ()[ tllC 
liin.ii iii, ilin. ils No unambiguous 
( In urn al (ii miuewilngieal liirlc'n liflca- 
tmiiv have lu< u made. because in piac- 
i it mim laboialoiv specimens can 
In- IiiiiikI which match tin- observed 
|,iitpeiIn s nl (lie iiineii, A twice of the 
eh mini sulphur enniiniut m volcanic 
Milihin.iti s would pindiiee the ohseiv- 
id nilia Millet nlisnlpliiin. 

On the nllier hand, veins tiefoic 
I iinu *» Imuliid down on the moon to 
cniifiiin tin- tin ni\. it was known fiom 
plivste.il studies that the upper layeis 
til the muon weio in an uudci'-dcnsc, 
pimius stale. Hiulio soundings of the 


A view ef the limi/im of Hie inooit as leeeivetl fiom Wuiveyor I 
The spacedaft's eanicia was pointed almost direct Ij at the sun. which is out 
of view. The bright circles are letlcclions of Mim-ay, Kmveyor I made a 
'soft' laminin in the rmion'ii Ocean of Stoim. It v.a. launched from 

Cape Kemucly in FUnida. 
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top mctie of the lunai soil had point¬ 
ed to materials with very low bulk 
densities. Many people, including the 
writci, found leasons for identifying 
those material piopeities with tliosc of 


on the suiface and fragment the rocks 
Howevci, that the process is a slow 
one is proved by the piesent rate of 
meteoritic eiosion on the moon, based 
on rocket counts of die space-density 



The relatively small depression made 
on the surface of the moon by Sur¬ 
veyor I as it landed is visible as the 
dark area above the landing pad in 
this 600-line picture. The bright 
spots at left are reflections of the sun, 
and the dark rings at lower right are 
reflections of the camera in the mir¬ 
ror through which the photographs 
were made, 


lunar lavas for, in the virtual vacuum 
above the moon’s surface, materials 
eiuptcd there would outgas and expand 
to form a lock-fioth that, clearly, would 
he more porous than in the correspond¬ 
ing teirestiial case. 

Also, because the moon has no at¬ 
mosphere, meteorites slam unhindered 


of particles close to the planet. In any 
case, the ‘dust’ particles pioduced in 
this way are subject to the sputteiing 
effect of solar protons and in the vac¬ 
uum conditions above the moon’s sur¬ 
face, must stick together to form a 
crystal structure having a small but 
finite strength. 
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111 flu' id il future, Inn,ti jnnlus 
ujuippi d jui il.nnu.vl and y,<<ihw,is ,d 
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A (mull hiivii ,t iritk mv 

iiidit*. )ii|,li .mil 12 mi In* Inn)! slf> by 
,ii| rt ii'mii'lii" i ;mti ; mailer pehlilf 
mi flu* mwn\ Miif.it’i- * liiiv, in tin*, 
till'i-hne prelim* remvetl fu»ui Sur¬ 
vey ni I, Tin* lunar hnn/on i*> imi 
at nppn left The Surveyor ramer.i 
\v,e |Mimfnif f . .smith-east tin tin* moon 
fm tins piflun* The bright splits at 
left iui- t elections (if file sun. Lines 
lepii'M’iU interference in the turns- 
iiii'siim and iceeivnu; pinecis 
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This is the lii.st tiOQ-lmc photo re- 
eeivetl from Surveyor aftci its 
fir tilin' 'soft* landing on the moon, 
The pii’liue shows one of the craft's 
tin ee huulint! lefts above, an omm- 
dni'eliunal .mteniin boom at centre, 
and a helium container at the bottom. 
The tlisliubailee of the lunar surface 
by the landing' pad is also visible 
The camei.i system aboard Surveyor 
provides both 200 and 000-line pie- 
tines-, The latter requite use of the 
hifih-f|ain directional antenna and a 
lniih power level of transmission, 
The (500-hne mode provided a picture 
every 3 6 seconds of transmission, 
and the 200-line made a picture every 
61 6 seconds, 


Around the 

Research 

Laboratories 


The National Metallurgical 
Laboratory, Jamshedpur 


Plans and blueprints for the estab¬ 
lishment of the National Metallurgical 
Laboiatoiy woie diawn up soon after 
World Wai II for consideration by the 
Board of Scientific and Industnal Re¬ 


search. The foundation-stone of the 
National Metallurgical Laboratory was 
laid at the end of 1946, whilst the nuc¬ 
leus of the Mam Building and the 
Technological Block of the National 
Metallurgical Laboratory weie opened 
on 26 November 1950. The National 
Metallurgical Laboratory was estab¬ 
lished with the objectives of fosteiing 
applied and fundamental metallurgical 
research in India on an organized basis 
and to serve as a central statidn for 
cairying out research and development 
woik on indigenous ores, minerals, re- 
fiaotories, ferrous and non-ferrous 
metals and alloys, etc., in relation to 
their potential applications in Indian 
mineial and metal industries, which 
wcie poised for dynamic growth and 
expansion under the successive Five 
Year Plans. 



A view of the main building of the National Metallurgical Laboratory, 

Jamshedpur. 
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Vope and Function 
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• lb < . pnppi fl nil jiimiI* m hu< s in imdi i 
l.lft platin' d r« VMH ll Well (111 apple d 
pi mh (lx .aid Jiiiifl.uiiiiil.il tin I.dluim 
l ,ll Slllljrt is, followed ti\ Illtl d 

jliln! plant v(.ili* tii.iK mi piilmli.il 
jji.tr tir,il tlieim s i nliuiii.itiim m flu 

issue nf Pmjet t Hr juuts Inr imp]* men 
l,it inil i n .ill illlllisliml sc,ili- ii| |lu- 
liiiii.il Mil.illmuii.il Lalinrutniy’s tr 
st'.m lirs amt proet ssi s. Tim scope ol 
icsf.mli mid Pilot Plant m\ estimations 
at tlir National Melallmgic.d l.ahoi.i- 
tni\ is as vast as it lias lnvn 1 1 rail) if' 
iim 'llus challenge is limit.' i Ileitisi 
Is - met llirunu.li s\ slniialic and pains 
taking reseaieh and development sunk 
mi (livfisc tl|t*mr‘s, (ninpichcnww Imtli 
in dfjilh and in thcii w npe, at tin- \a 
lumal Metallurgical Laboratory, which 
lias today attained mm;unit ion both 

overseas ami at home as ‘‘having a 
deservedly liij^li lejmlation in the 
mctulluigiea] world", 

As Indian metallurgical mdnstiies 
are becoming progressively mine and 
more conscious of the utilitarian value 
of research, a heavy load of technical 
operational research piojects is bring 
systematically handled In' lliis l.almra- 
toiy to raise eetinoinic produclivity 
consistent with quality output. Kireet- 
ive technical liaison is maintained with 
indusliy tin (High the v.uions publica¬ 
tions of the, I.ahoratoiy including re 
search monographs and the NMJ, 
Technical Journal. 

During -the last few veals, the Na¬ 
tional Metalluigieal Lahoraloiy has 
heavily expanded, both in terms oi 
short-term and long-range research 


-I In mi. and uilegi .tied pilot pl ant i 
u'l.oih jiiojeits. condui led in the 
J..ll«ic. mg main diusions of the Labora- 
!ii|'. onrlci the ,uli\e guidance of Dr, 

Pi. H Nqbawan Diiee’an. 

I Oi e-diessin;' and Mineral 

pi HI (iel.lliou 

.1 1' Mi.ii I it hi Metalhiigy 

1 ow Shalt Furnace Piojeet 
1 ta-neial Metalhiigy 

Fbcinieal 
ft. llefiaeto] ir's 
7 Mi ehanii al Metalhiigy 
.S. Pin Mini Metalhiigy 
‘r li nn and Sir el 
10 Liaison and Operational lle- 

si ;u eh 

U. Mlov Steel 
Id Kngnieciuig Design 
Id, lnsliumentation 
I 1. hlei lionies 

In, Meehanie.d, Ktcclncal and 
(Mil Services 

10, Ldiiiuy and Documentation 
17, Statistics, Keonomies and Pro¬ 
ject Repoits. 

Achievements 

The use in indusUy of an incicasiny 
number oi metals m divci.se ioims is 
largely the result of systematic scienti- 
fie lesemeh designed to meet the new 
demands of the technologist. In India, 
this demand lias multiplied dniing on. 
successive Five Year Plans, requiring 
clicrtive utilization ol the indigenous 
resources of metals and mineials, With 
the ehanging pattern of industrializa- 
liou, eoveiing a wider spectrum, the 
expanding metallurgical industry has 
had to face problems in new and chfll- 
leng'ng fields. 

Tlie National Metallurgical Labora¬ 
tory lias wholly dedicated itself to the 
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growth of indigenous metallurgical 
and mineral indnstnes against llic 
background of systematic leseaich in 
basic fields of study. The importance 
and in dispensability of leseaich is now 
recognized by the country’s metallurgi¬ 
cal industries, and some of the nmj. 
processes and pioduets have received 
duo appieciation both at home and 
abioad. A brief account of some ai 
the achievements is given below. 

Development of Substitute Alloys 

No counfiy in the woild is self- 
sufficient in respect of its metal and 
mineral requirements and India is no 
exception to this general mle The 
impoiL of vital metals like nickel in¬ 
volves a heavy amount of foreign ex¬ 
change, apart from the risk of being 
cut off tiom the supply in political 
exigencies The effect of such short¬ 
ages has been mitigated by the Na¬ 
tional Metallurgical Laboratory by 
developing substitute alloys made by 
optimum combination of indigenous 
metals adopting specialized techniques. 
Take, for instance, nickel, the metal in 
slioil supply, which is an essential raw 


material for produc.ng stainless steel 
Rescaich and development at the nml 
have resulted in a new method foi 
making stainless steel without nickel, 
using chiomium, manganese, nitrogen 
and coppei which aie available in the 
country The new steels can replace 
the famed 18.8 chromium-nickel steel 
m ceitain specific applications These 
nickel-fiee stainless steel can be used 
for utensils in Indian households, in¬ 
cluding tumbleis, ihalis, kciioris, spoons 
pots, piessure cookeis, cooking ranges 
lestauiant flat waie, etc For wash¬ 
basins and other similai fittings or 
Indian railway coaches, these steels 
will prove equally useful. They maj 
also be used for hospital waie, daily 
equipment, decorative and arclntectura 
parts, steel fuimtuie, high strengtl 
strucluial members, etc, and for appli 
cations requiiing metals with low 
magnetic permeability, 

Nickel-fiee alloy compositions have 
been also developed for replacing th< 
copper-nickel alloy, now used foi com 
age production in the country Coin, 
stamped out of these new composition: 
have been found to he satisfactory 



Materials fabricated out of nickel-free austenitic stainless steel developed at 
the National Metallurgical Laboratory 
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Aim'her development in this direction 
is the ptmlmtion of nickel- and tohult- 
free electrical resistance alleys which 
have been found to possess properties 
simitar to the imported inmenlmiiul 
types of healing elements used for 
domestic and industrial heating pur¬ 
poses, To minimize the me of zinc, 
another metal largely importer!, ,1 
technique has been developed to give 
a coating of aluminium on mild steel, 
the aluminized steel has proved to he 
belter than galvanized material. This 
process has been studied on a sem:- 
eonimereial scale; a pilot plant 1ms 
been fabricated for the product tun of 
aluminized sheets and wires. These 


products can be used in telegraph hard¬ 
ware, automobile parts, corrugated 
sheets, and for other products which 
have to withstand corrosion to a large 
degree. The technique developed has 
been leased out for production on the 
commercial scale. 

linu'fsriatiim of Low-grade Ores 

A common sight in the manganesif 
mining localities is the unending series 
of mountain-sized heaps of rejected 
ores. These are a legacy of the past 
when rich ore deposits were mined for 
export. While the, high-grade manga¬ 
nese ore went out of the country, the 
low-grade ore and Rues went into the 


Pilot plant for hot-dip aluminizing ol steel strips, designed and fabricated at 
the National Metallurgical Laboratory. 
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making of these dumps. With the 
pressing need to making the most of 
available resources, a way has been 
found foi utilizing these and other 
low-grade ores. The nml made a 
country-wide study on the amenability 
of low-grade manganese ores to bene- 
ficiation. Ore samples from Andhra, 
Bombay, Madhya Pradesh, Mysore, 
Orissa and Rajasthan were investigated. 
The findings are that the majoiity of 
these ores can be upgraded to a manga¬ 
nese content of 48 per cent and above 
and can be utilized for ferro-manganese 


production. The complexity of these 
investigations can be well apreciated 
when it is realized that no two ores are 
alike and that each has to be tested 
separately to determine its beneficiation 
characteristics for upgrading it to the 
required specifications. Industrial pilot 
plant tests for manganese ore beneficia¬ 
tion have been carried out. The nml 
also advised a number of State Govern¬ 
ments and commercial enterprises in 
putting up large-sized plants. 

In the mining of iion ores for smelt¬ 
ing purpose, the utilization of the me 



The deshming, conditioning and flotation unit of the Integrated Mineral 
Beneficiation Pilot Plant It has the capacity to treat up to five tons of 

ore per hour. 







H'-“l '» U \» t HUMBlll 1%7 




J>j » ' ■ i ny - t ■ mph* ,it> d hi» ' 1 

«!,. lu'h ) 5 i *a» i # 'i« t i jc I5i' 

sj, r ,»t* j v*< a-. .j’sijtl- Viliiit b «ml nnunot 

V, . 4 S. list si I. ■ ( MlSUtU,', ; J* I<1' d 
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udi.irlu' ’iiih i*l In ax il\ m< i huni/i (1 
mining. Mm tti Mu* rxp.niMnn of Mir 
imii .uid %t(il industry. Mp.u.jtnin of 
Hi' inns Iv, Ml** in.niU.il method i unuot 
hr utomptcd nr .inomphvhi <1. Il Ti.»»» 

1« i It t-'.pi i it in i ll .it tin* sti t'l plant*. 
th.it innli r Indian weather conditions. 
Jlit* si in tiim* ,tml handling swti m lie 
comes t tmiplrtflv blinded and clinked 
due tti the muddy rnndiUons i.nixrM h> 
the tropical min in tin- udmistuie til 
iron nvi' fines with the lumpy main tab 
It is thus uf p.inmimnit nnpni tain t* In 
.separate the lines hum he lumpy nun 
ure materials, both in fail and rains 
weather, and tit utilize the iron me 
lines thus separated to the maximum 
milinnal advantages. The high alumina 
content of the ore also aifeets the 
smelting operation in the blast Climate 
The problem# of improving the quality 
of ores despatched from the mines and 
also of ensuring regular supplies - of 
properly blended and sized ores to 
steel plants for the production of qua¬ 
lity sinter were successfully tackled at 
n ml, Based on the investigations 
conducted at nml, the steel plants in 
the public and private sectors are put¬ 
ting up their cnc bcnefrciation and 
sintering plants. 

For limestone, to be. used as a metal¬ 
lurgical flu*, (lie maximum availability 
of the base (CaO) is essential, and for 
that purpose the silica content of the 
limestone should be low so that its CaO 
content is not used up in fluxing its 
own silica in the steel-making furnace. 
The percentage of silica in limestone 


4, '> '»'*'■ ui opi n-heaith steel-making ■ 
’.hfiuld tlicii hue contain a very low 
>-i1ti, ( i iintent, piefeiably of the order 
-.1 1-2 per (cut. The quality of the 
Indt.ui limestone used in steel-making 
*>’• -i ms its silica content is detcriorat- 
uuv and with these poor grades of 
him st one. production in the steel plants 
<s ad\ etsely utleeted. It is therefore 
wi v cssi utial to beucficiato the lime¬ 
stone so as to reduce its silica content, 
Gompichrusive work on upgrading of 
him stum* fm steel-making was success- 
lull;. undei taken on a pilot-plant scale. 
Ilu use of upgraded limestone in steel- 
inuhiug promises considerable potential 
as shown by the lull-scale steel plant 
dials londuetid in the countiy’s steel 
plants, 

,S mrltmit of Iron Ora in Lota Shaft 

Fumicr 

The distribution of suitable mineral 
deposits imposes limitations on the 
ultimate pattern of heavy industry 
throughout the country. This will he 
apparent from the. fact that the distri¬ 
bution of basic raw materials like iron 
ore, and particularly metallurgical coal, 
is rather confined to selected aieas in 
llie north-eastern region; this has led to 
the concentration of the iron and steel 
industry in this region. In keeping with 
the policy of the Government of India 
to promote a regional distribution of 
basic industries, alternative methods 
of iron production, utilizing non-coking 
fuel for reduction purposes, are being 
investigated by the National Metal¬ 
lurgical Laboratory in its 15-ton/day 
Low Shaft Furnace Pilot Plant. Smel¬ 
ting trials conducted so far have shown 
that foundry-grade pig iron can be 
successfully produced using the low- 
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shaft furnace smelling technique. On 
behalf of the State Governments of 
Andhia Piaclesh, Punjab, Mahaiashlia 
and Rajasthan, pilot plant investiga¬ 
tions have been completed at the Pilot 
Low-Shaft Furnace, determining the 
suitabilities of the regional ia\v mat¬ 
erials for the pi eduction of foundry 
giades of pig iron. On the basis of 
Investigation Project Reports prepared 
by the nail, based on these compre¬ 
hensive Pilot Plant trials, the establish¬ 
ment of indusliinl plants for the pio- 
duction of foundiy-giades of pig iron 
is now well on its way in suitable 
locations. 

Feryo Alloys 

With the establishment of alloy, tool 
and special steel plants in the Thiicl 


Five Yeai Plan, there will be a gieat 
demand for different types of ferro¬ 
alloys. In India, at present there is no 
commcicial-scale production of feno- 
alloys, excepting ferro-manganese and 
feu o-sil icon. The Laboratory has 
developed techniques for manufactui- 
mg important feno-alloys, such as low- 
carbon feiro-clirome, carbon fiee feno- 
chiome, ferro-vanadium, feuo-titanium, 
feno-tungslen, nituded feiro-alloys, 
etc., from indigenous materials which 
have been pioduced on a tonnage scale 
and supplied to ordnance factories to 
meet then requirement. 

Non-Feirous Metals 

Magnesium, which is indispensable in 
the production of light alloys for an- 
craft and is used in metallic foim for 



A panoramic view of the Pilot Low Shaft Furnace Plant of 15-ton/day 
capacity, installed, at the National Metallurgical Laboratory. 
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ax well .is in,mm siHtit pn\vd*r to iiht! 
the n ijimi ni> nt ««f the utdnuiur fac¬ 
tor its, 'Hu' plant will In* put into 
rntmiitssiuti in the ntMi fn'uri’. *Ihr 
I.almt.itmy lias also developed tin* 
trehmtpie of prndut mg uli c trolyto 
inam'.int si* nivt.d and manganese 
dioxide fmm low-grade manganese me 
ennUiming as little* as 15 per cent 
manganese Kin I ml) tin manganese 
metal is nf vital unpnitann* fur pro¬ 
ducing special steels such as .stainless 
steels, high-speed and tool steels, and 
titlier ferrous and non-ferrmis alloys, 
which an* to be made in the near 
future in’ the numtry. This metal and 
its dioxide will he produced on a taun- 
nu’reial scale in the near future, utiliz¬ 
ing the nml process. 

Foundry Moulding Materials 
To meet the needs of the fast-grow¬ 
ing foundry industry, a long-term pro¬ 
ject is in progi ess on the assessment of 
the moulding characteristics of various 
Indian foundry sands and bonding mat¬ 
erials, A large number of foundry 
sands and bonding clays have been in¬ 
vestigated and the data ubtained have 
been made available to foundries in 
the countiy. In the past, no organized 
attempt was made to collect data for 
the foundry sands in use, Now 
methods have been developed to im¬ 
prove certain difficult sands by process¬ 
es such as washing and grading to 


vn Id iiutcn.il suitable for use as mould- ' 
mg Minis. Advice has been given to 
fiiuudiii s mi melting procedures, types 
nf fmn. urs and fluxes to be used, and 
methods of obviating gas absorption, 
lo help the small foundries. National 
Met alhu goal Laboratory has establish¬ 
ed regional foundry stations at Balala, 
lb*v.rah, Madras and Bombay. 

("ivinvinji of Metals and Alloys 

The National Metallurgical Labora- 
tmv is also fully alive to the need for 
metallurgical reseat dies on the cono- 
M<m of metals and alloys and has al- 
icarlv done extensive work on the 
causes and effects of eoriosion pheno¬ 
mena. It is assisting metallurgical 
industiies in defining their corrosion 
problems, and suggesting remedial mea- 
stues, etc. Long range research work 
mi the corrosion of metals and alloys 
under various atmospheric conditions 
is under way and interesting results 
have been obtained in certain cases 
The National Metallurgical Laboratory 
has set up a corrosion research station 
on the sea-coast at Digha, in West 
Bengal, to study the various aspects of 
corrosion under marine atmosphere. 

Rcf> notaries 

With the steel ingot production 
reaching higher targets, as formulated 
under the, successive Five Year Plans, 
there will be. a corresponding lise in 
the demand for refractories which foim 
the backbone of the iron and steel as 
well as metallurgical, glass, cera¬ 
mic, cement and brick kiln industries. 
Refractories are used as lining mat¬ 
erials for industrial furnaces and other 
high~Lemperalure operations. It has 
been estimated that a one-million ton 
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steel plant requires abouL 150,000 tons 
of refinotaries during its installation 
and about 80,000 tons for annual re¬ 
placement. The chief fen true of the 
development work at the nmx. is the 
production of new types of basic and 
special refractoiics fioin the abundant¬ 
ly occurring but httle utilized minerals 
The Laboratory has already developed 
techniques of manufacture for a num¬ 
ber of special and basic refractories 
which are now in commercial produc¬ 
tion. 

For small-scale melting of brass, 
special alloy steels, non-fenous alloys 
and precious melals, India imports car¬ 
bon- and clay-bonded graphite cruci¬ 
bles. Techniques for preparing car¬ 
bon- and clay-bonded graphite crucibles 
from indigenous raw materials have 
now been developed at nml. A num¬ 
ber of firms have been given licence 
foi manufacturing carbon- and clay- 
bonded graphite crucibles by tins 
process. 

Pilot Plants 

The role of pilot plants in metal¬ 
lurgical research and development is 
today undisputed. Whilst the foun¬ 
tain-head of metallurgical research aie 
the basic concepts of the fundamental 
sciences, it is through pilot-plant trials 
and investigations that the success or 
failure of a paricular research theme is 
determined—whether a particular pro¬ 
cess will eventually be adopted on an 
industrial scale or will fall by the way- 
side on the hazardous road between 
development and industrial production. 
The factors in pilot-plant trials range 
from the basic chemistry of metals to 
financial evaluation of metallurgical 
processes in terms of their ultimate eco¬ 


nomics. Following the well-known 
maxim ‘Commit your blunders in a 
small way and earn your profits m a 
lug way’, the role of pilot plants in 
metallurgical research and develop¬ 
ment attains great importance. Such 
a role assumes still greater importance 
in India, which has embarked on heavy 
industrialization through successive 
Five Year Plans. The gulf between 
metallurgical research on the one hand 
and industrial implementation of re¬ 
search on tire other is wide anywhere, 
and particularly so in India. The 
urgency and importance of pilot-plant 
investigations have been fully estab¬ 
lished and increasing emphasis is being 
laid on pilot-plant investigations of 
processes developed at the National 
Metallurgical Laboratory. The fields 
thus enlarged relate to: 

1. Low Shaft Furnace Pilot Plant 

2. Pilot Plant for the Production 
of Ferro-alloys in the Sub¬ 
merged Arc Electric Smelting 
Furnace from indigenous oies 

3. Pilot Plant for Beneficiation of 
Low-grade Ores and Minerals 

4. Pilot Plant for Tbeimal Bene¬ 
ficiation of Low-grade Manga¬ 
nese and Chrome Ores 

5. Pilot Plant for Hot-dip Alumi¬ 
nizing of Steel Wires and 
Strips 

6. Pilot Plant foi the Production 
of Vanadium Pentoxide from 
Vanadiferous Magnetite Ores 

7. Pilot Plant for the Production 
of Special and Basic Refrac¬ 
tories from Indigenous Raw 
Materials 

8 Pilot Plant for the Production 
of Electrolytic Managanese 
Metal and Manganese Dioxide 
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In Kthtwuy llKtl. an integrated 
Miuji.i 1 Hi in fit Mtimi Third t'l.uil was 
i muitm-iutii il wlmh is mu’ ul the 
llC'ivt .Hi', v, li> ir llns I'llul 1‘l.iul 
li.iv a t .iji.it sly ul heating up In .1 tuns 
• if ini’ pi i limn. Kitin’ its t uiiiiiusviun 
imt, i( is yielding e\ceedmgh useful 
insults nl pn(rtili.il \.title to mnim.il 
anti metal indnstiies, wlnelt li.ivt* m r** 
trill years lit’t'ii ineteasingly appuvia 
the anil ready to accept tlir immediate 
v.tlui’ and lung ti>nn benefits tif ti’sftncli 
untl development wmk in llit’ii e< nun 
mil* puUi’in uf exploitation til the indi¬ 
genous mitu-ml wfaltli uf our enunhy. 

Fundamental Problems 

Although emphasis lias hern laid tm 
operational and applied lissomth pro¬ 
jects, llic Laboratory has pm,sued with 
equal x’igour fundamental piojects 
which have resulted in the advance¬ 
ment uf knowledge in the field eon- 
ecrnrtl, besides training a corps of re¬ 
search workers. The fundamental pro¬ 
blems under investigation rela-le to 
isothermal tuuislmmation studies on 
Indian plain carbon and alloy steels, 
solubility of nitrogen in plain cm bon 
alloy steels, carbon activity in iron and 
its alloys, studies on age-hardening, 
interaction between solute and solvent 


loutv in die liquid state, studies on 1 
*mnp'i Lullli in vs. phase studies on 
«1* • n>* d< pnsi'i d cupper-tin alloys, 
j^i'li* s >*n phase tiaiisforiimlioii in 

.13’.%■ In tin X-iay dilliaclion tech¬ 
nique. in*upinilmty uf phusplioms in 
bids.m in inuaiu-se mes, studies on the 
ptupi I Hj s id lam earths etc. 

Patents 

’I hr I.abniatoiy has so far been 
t*i anted luitv fom patents' in India and 
abroad Must uf these patented pro- 
n ssi's has >■ hern taken up by industries 
• •ii premia and loyally basis for com- 
itif it i.d exploitation, .ind five patents 
have been i cleaned enlncly free of 
invally and pirmia under instructions 
ul (lie i sm, 1 1 nelly foi the benefit of 
the small-seale mdnstiies. 

Pioeesses Ready for Commercial 
Exploitation 

As a irsult uf intensive research and 
pilot plant wmk done at the National 
Metallurgical Laboratory, twenty-four 
new techniques and processes weie 
made ready for cnmmetcial exploita¬ 
tion, Uf these twenty-four piocesses, 
the following twenty-one have already 
been leased out on royalty and pienha 
basis to industi ies foi use in commer¬ 
cial production. These also include 
five processes which were released free 
of royalty and premia for the benefit of 
small-scale industries. 

1. An improved process for elec¬ 
trolytic production of high 
purity manganese dioxide. 

2. An improved method for the 
production of manganese salts 
fiom manganese ores, and its 
application for the regeneration 
of the spent electrolytic manga¬ 
nese sulphate baths, 

3. An improved process for the 
production of electrolytic manga- 
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nese metal. 

4 Hot-dip aluminizing of ferrous 
materials. 

5. Improvements in or relating to 
magnesium silicate refractories 
and use of the same. 

(1 A process for making completely 
stabilized dolomite refractories. 

7. Refractory compositions com¬ 

prising graphite and silicon 
caibkle. (Carbon-bonded gra¬ 
phite crucibles ) 

8. Refractory compositions com¬ 

prising graphite and alumino¬ 
silicate materials and glazes to 
render such compositions re¬ 
sistant to oxidation (Clay- 
bonded graphite crucibles.) 

9 Refractory compositions con¬ 

taining non-refractory chrome 
ore and refractory products 
made therefrom 

10. Preparation of liquid gold. 

11. Electroplating of metals on alu¬ 
minium or its alloys. 

12. Chemical polishing of aluminium. 

13. Metallization of non-conductors 

14. Brass-plating from non-cyanide 
bath. 

15. Production of dense carbon ag¬ 
gregate suitable for being used 
as base material for carbon pro¬ 
ducts in general and Soderberg 
paste in particular. 

16 Production of electrical-resist¬ 
ance alloys for heating elements, 

17. The technology of the produc¬ 
tion of thermostatic bi-metals. 

18. Production of Almco type per¬ 
manent magnets. 

19. Production of chemically bonded 
metal clad or unclad basic re¬ 
fractory. 

20. Production of iron powder for 
autogenous cutting 

21. Production of carbon-free ferro¬ 
alloys by aluminothermic 
reactions. 

Symposia 

Conferences and symposia on sub¬ 
jects of direct industrial interest in the 
present planned economy offer valu¬ 
able media for the exchange of techni¬ 
cal data and growth of research themes 


and original ideas. Proceedings of con¬ 
ferences and symposia are also very 
important for the benefit of those who 
do not diicctly participate but are con¬ 
cerned with the utilization of leseaich 
results and operational data. For this 
purpose, pioceedings of the symposia 
held so fai have been biought out with 
the least possible delay. So far, the 
National Metallurgical Laboiatoiy has 
oiganized symposia on the following 
subjects: 


Subject Year 

1 Electroplating and Metal 

Finishing 1952 

2. Industrial Failure of Engi¬ 
neering Metals and Alloys 1953 

3. The Non-ferrous Metal In¬ 
dustry in India 1954 

4. Recent Trends m the Field 
of Production, Practice, and 
Research on Refractories used 

in Metal Industries 1955 

5. The Production, Properties 

and Application of Alloy and 
Special Steels 1956 

6. Mineral Beneficiation and Ex¬ 

tractive Metallurgical Tech¬ 
niques 1957 

7 Recent Developments in 

Foundry Technology 1958 

8 The Iron and Steel Industry 

m India 1959 

9. The Pilot Plant in Metal¬ 
lurgical Research and Deve¬ 
lopments I960 

10 The Light Metal Industry m 

India 1961 

11. The Ferro Alloy Industry in 

India 1962 

12 Recent Developments in Iron 
and Steel Making with 
Special Reference to Indian 
Conditions 1963 

13. Utilization of Metallurgical 

Wastes 1964 


Industrial Liaison and Technical Aid to 
Industries 

As metallurgical industries are be¬ 
coming increasingly conscious of the 
application of research results, nume- 
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Wiving {lie results of long term pro 
juts preliminary project Jfjwuts, In 
s* V. i'-Uit ><>o Project Reports and bjwi iul 
RejmHs, j* nodical press releases on 
some of tlic major aehievemnits. jn*pu 
l.ir brochures and bulletins on the pro 
t <nms tli veloped I tv llu* laboratory for 
cummeuinl e\ph»it.»Uuu of patented 
processes, collection and dissrimiutim 
of statistical data through international 
symposia on metallurgical sublet u 
and last hut not least through field 
investigations by the technical st.dt of 
the Laboratory* at the request of tin; in¬ 
dustries themselves and also at the 
initiative nf the Laboratory. 

The National Metallurgical Labora¬ 
tory is acting as a nucleus for many of 
the long range and short-term projects 
connected svitb the development of 
the metal and mineral industries, which 
are being referred to in increasing num¬ 
bers by the National Mineral Develop¬ 
ment Corporation, Railway Design and 
Standards Organization, Hindustan 
Steel and other establishments both 
public and private sectors. Long range 
fundamental work has also been done* 
for making the best use of foundry raw 
materials and to evolve national 
standards, 

The National Metallurgical Labora¬ 
tory has specific roles -to play in pro¬ 
moting basic and fundamental research 


in nMdluiua d subjects, and more so 
m imd'i’.ikiiig applied research and 
jnl.it plans mdnslriahst,de trials for the 
d* vi l«.pim nt of the mineral, and fer- 
i* ns and nun Inruns metal industries 
m sin inimtis As such, the research 
and d< \ i inpiw nl tin mrs at the National 
M«i.dhniM!,d Labmatorry are aligned 
in tin* itithis'ii.il growth in mineral and 
mt rid In Ids projected during the suc- 
tivsive Five Year Plans; these lequire- 
m*iils pl.u r .t high premium on jngemi- 
»lv m unl.dlmgual research and deve- 
inpuii nl sit that it is - accepted as an 
ass< i ft a the industrial potential of the 
conuliv. In this planned yet dynamic 
g»owlit of the Indian mineral and metal 
industries, the active rule of the Na- 
imual Metallurgical Laboratory has 
today no; only been fully established 
lint is also adequately appreciated in an 
< w r-itna easing measure. The progress 
in these fields at the National Metal¬ 
lurgical Laboratory has been signifi¬ 
cant, .steady and rewarding. It may be 
mentioned that out of twenty-four new 
techniques and processes which were 
developed for commercial exploitation 
as a result of intense research and pilot 
plant work, twenty-one, have already 
been leased out to industries for use in 
commercial production. Reviews of 
tin* research and development work at 
the National Metallurgical Laboratory 
appearing from time to time in the 
international technical press at home 
and abroad, have given the young 
Laboratory a "deservedly high reputa¬ 
tion in the metallurgical world”. And 
yet far more remains to be accomplish¬ 
ed under tire rising tempo of our Five 
Year Plans, to which end the young 
National Metallurgical Laboratory is 
fullv dedicated 



Classroom 

Experiments 


the tip onwards Take two rectangular 
glass pieces of equal size. Place a pad 
of blotting-paper on one of the glass 
pieces. Now place the marked seeds 
on the blotting-paper and cover it with 
the other glass piece. Tie the two to¬ 
gether with the help of rubber bands. 
Place the arrangement, as shown in 
Figure 1, in a beaker containing 
watei so that the level of water may 
touch the blotting-paper. By doing this 
the seed will get a continuous supply 
of water. After two or three days 
observe the change. You will find that 
the division behind the tip of the root 
has become longer. Thus more growth 
takes place in this zone. 



Fig. 1 Experiment to show the zone 
of elongation. 


Experiment to find out which part of 
the root grows most 
Soak some pea or gram seeds in 
water and let them germinate. When 
the root has grown about M of an inch 
or so, make some, equidistant marks on 
the root with Indian ink, starting from 


Experiment to show that light is neces¬ 
sary for the formation of starch in leaves 


Take a potted plant which has al¬ 
ready been kept overnight in the dark 
so that all the stored starch in the le 
may be tianslocated to die stem. 
two pieces of black paper, from I 
centre of one of which the letter ‘S’ 
been cut; clip these pieces of blacj 
paper on a leaf, one on the upper side: 
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,nitl lli* ntli'i <*u tin' lower Milr. Now Maf is Mr, tHird. wadi it with water in 
Lnji ilir hat m sunlight. After a ft w a petti dish and pom a few drops of 
limns, plmk tins Mat and test it for iodine solution on it Observe the 
staieM 'In tisl tor the sfaieh extinct change in eolom. You will sec that the 
the ehlniophvll fiom the leaf by boiling pail tnvncd with black paper remains 
it fiist in watn and then in warm aim- unchanged, whereas the exposed part, 
hoi hc.itid m a water bath. Alter the m*.. the 'S' linns blue. (Figure 2.) 



Fig. 2, Stages in the experiment to demonstrate the formation of starch in the green leaf in the 

presence ol light. 




Science Abroad 


Some Thoughts on Science 
Education for the Developing 
Countries of Africa 

G. S, Puri 


M an is the noblest o£ all creation 
and comes at die end of evolution. 
He is bestowed witli mind, body and 
spirit, and is capable of reasoning, logic, 
concentration, meditation, change and 
improvement. 

In his relation with the univeise, 
however, man has come to a stage 
whcie lie possesses the means of des¬ 
troying his own habitat, along with all 
other forms of life, including himself. 
He also has the means for evolving into 
a supeiior type of being, for making 
the earth a paradise and changing the 
entire pictuie of the universe. Which¬ 
ever direction the human species will 
evolve into, would depend upon the 


type of education the futuie citizen will 
icceive. In the mateiial world human 
progress is based essentially on educa¬ 
tion in science and technology. Science 
today is intimately related with world 
affairs. In view of the muiderous 
loices now at man’s disposal, it is diffi¬ 
cult to discuss science as detached m 
any way fiom politics. Pugwasli con- 
feiences aie senes of “discussions that 
are directly and vitally concerned with 
the safety of mankind foi all times.” 
Eveiy year scientists from all parts of 
the world meet and discuss ways and 
means of lelaxing present tensions m 
the world. The 1964 conference at 
Karlovy Vary considered collective secu¬ 
rity problems, the ending of colo¬ 
nialism, the effect of disarmament on 
science and technology, international 
cooperation, etc. It was considered 
that “in the long mn, a peaceful world 
will lequire the solution of such issues 
as racial inequalities and economic dis- 
pantes between nations and peoples”. 

This paper is the outcome of the 
Pugwash theme and an attempt is made 
heie to integrate science and religion 
in a system of education. The deve¬ 
loping region of Africa has many 
intriguing problems and it is hoped 
that its educational development pro¬ 
gramme will greatly benefit by the 
presence in Afiica of many renowned 
scientists of the world. The author 
humbly invites criticism of the points 
put forth in this paper with the hope 
that a sound system of education of 
African youth will be developed in line 
with Pugwash thought. 

The different types of emphasis given 
to cultrne, science and religion make 
the discussion of educational planning 
a difficult one, especially when econo- 
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hr assimilated. All this tan In* done 
uiilv thinugh u ]irnp<‘rly balanced edu¬ 
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Educational Philosophy through 

the Ages 

Education, nu ainng loading nut 
(I.aim), is the pinerss that shapes tile 
potentialities of the maturing organism 
hv inlormal nr fomtul means. Inlormal 
education is the individual's reaction to 
the enviimiment and the nonsequential 
formation of habits and character tn 
survive adverse influences. Fmntal 
education consists in the conscious 
efEoits of society to impart shills and 
modes of thought considered essential 
for the individual's well-being. 

The Socralian view that the highly 
tnuned mind turns to viituo pre¬ 
dominates tdl today in educational 
philosophy. It is foi this reason that 
all gioat lehgions have taken a cons¬ 
picuous pint in education through the 
ages, In ancient Greece, Homer was 
symbolic of freedom, and education in¬ 
cluded music, mathematics and gym¬ 
nastics so as to tiain holli body and 
mind. The classical system of educa¬ 
tion still largely loans on mathematics 
for training the human mind. 

Seventeenth-century education aimed 
at the development of the individual 


Jr-i *.<iri,sl In mg. In the duly twentieth 
'•nt'us. edm utimi laid emphasis upon. 

• qii imii iit.ttiou to meet the demands 

• >1 the i hanging enviiomnent, Till a 
h\v w.iis ago. seienee and technology 
writ i oiiMilered to lie the most import¬ 
ant putt <>i uniw'isal education, with 
htth m im place ioi religion oi the 
Immunities m the educational curri- 
t ulum oi w'iriitists 

Tlirir ate in the main four types of 
thought dominating the thinking of man 
today ■ ( !• The Marxians’ efforts for a 
classless mk iet\ and inlet national com¬ 
munism, G1) The militant tevival and 
tin- use of hirer to attain a global order; 
id) 'I lie use of nnelenr power for peace¬ 
ful purposes and ioi creating a wealthy, 
mateiialistie society, and (-1) The ap¬ 
plication of seienee and technology to 
obtain the best from tilt* social order. 

Most of the contemporary thinkers, 
including such wmld authorities as 
Kenelon. Oscar Wilde, George Eliot, 
Nicholas, Eeidvuov and Lucretius, are 
against the exploitation of man by man 
through leligion. Lucretius is suppos¬ 
ed to have said: “Religion is a disease 
horn of fear and is the somec of untold 
misery to the human race.” Unfor¬ 
tunately, however, all the four main 
bodies of thought are up against re¬ 
ligion which is still undoubtedly the 
greatest single power working on the 
mind of man. Is religion really detri¬ 
mental to human progress and pros¬ 
perity? 

According to Sankaut’s system of 
Vedanlie philosophy, man is dignified 
and divine, and God and man are co- 
substantial, It is not the doctrine of 
religion that is at fault but the people 
who interpret it with ulterior motives 
m a basically exploitive and parasitic 
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system of society. It appeals, therc- 
foie, that there is a need for a leturn 
to the medieval woild older to some 
extent for the incorporation ol religion 
into the education of man. Men m 
the East, like Gandhi, Tagoie and 
Aurobindo, have felt the need for a re¬ 
naissance and have made efforts to in¬ 
terpret politics, economics, history and 
science through religion and philosophy. 
Bertrand Russell has added his power¬ 
ful plea for a woild restoiation of ordei 
and abolition of wai as a means foi 
achieving peace. Many Pugwash 
scientists are exploring avenues foi 
bringing in a peaceful woild. The un. 
chaitcr recognized 20 yeais ago the 
need for the development of friendly 
relations beLween man and man and 
the promotion of economic and solid 
progiess for all. This itself is the hue 
essence of all religious teachings, and 
brings to mind again the need for a 
true integration of science and leligion 
for the common good of the human 
family. 

The Concept of the Educational 

Equipment of Man 

In the changing world society, with 
nationalistic aspirations and international 
humanistic ideals, there is a great 
conflict today between science and 
leligion. In spite of all its benefi¬ 
cial aspects, science lias, however, not 
been able to win universally the hear! 
of those who regard materialistic pros¬ 
perity as not being an end in itself. To 
the man of religion, who dominates 
thinking very largely in the developing 
regions of tlio world today, mateiial 
prosperity does not seem to be the 
only means of human happiness and 
progress. The ancient civilizations of 


India and China had attached little im¬ 
portance to only mateiial piogress. 
They laid gieater sliess on human 
values and on undeislanding man’s urge 
ioi the preservation of peace and wel¬ 
fare for all mankind 

Theie is a gieat deal to be said 
against this type of spmlual existence, 
since it created the climate foi man to 
live a half life m starvation, illiteiacy 
and misery. Neveitlieless, the urge for 
spiritual well-being, mterpieted and 
practised conectly, is a live foice and 
would lemain so for all times in the 
woild of science 

There is no doubt that scientific ad¬ 
vancement has eased the life of man 
and has piovided him with tools that 
have lessened the agony of labour and 
drudgery. Neveitheless. science has 
not conqueied anger or the other baser 
elements in man’s cliaiactei, and with 
highly developed technology man has 
got the capacity to destroy at will 
everything which is so important foi 
his well-being. If science was able 
to conquer fear, it would have probab¬ 
ly received a more universal apprecia¬ 
tion than religion, 01 at least an equal 
appreciation; but instead it has creat¬ 
ed m the mind of man today a univer¬ 
sal fear of wholesale destruction. 

Science is concerned with the cosmic 
and biological habitats of man. Reli¬ 
gion on the other hand, works m the 
psychological domain, in which the 
known methods of scientific enquiry do 
not apply. Religion lays the stress on 
peisonal experience, whereas science 
deals with objective experimentation. 
Since the three habitats—cosmic, biologi¬ 
cal and psychic—of man are inteirelat- 
e,d and represent diffeient stages in his 
evolutionai'ii development, it is desira- 
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only if human societies that an* psx- 
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uf science, 

11. H. Sen. Directnr (inier.il ul r.\u, 
while discussing the importance ul 
considering development in ecological 
terms, strewed that in the developing 
regions of Africa and Asia, where 60 to 
83 per cent of people are engaged in 
agriculture, “il is agriculture that has 
In piocluce level age fur economic 
growth”, Priorities should he given to 
revolutionizing backwaul agricultural 
practices. lie stressed that the entire 
educational system of developing coun¬ 
tries should he reorientated inwards 
development. Illiteracy is a barrier 
against the flow of knowledge and 
creates isolation and engulfs man with 
traditional and inefficient social values 
and practices. Religion is still a power¬ 
ful influence and it must be coordinated 
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* v in i in the i duc.ition of youth 
h'h't'i.n. ti .ninny, combine the know- 
k ■!, * > i thi 1 mur and the Infinite into 
* t • *upk It Whole, 

1. kiC'ii lnl;y i>f thr Finite 

M! lie plmeoueiu which arc dcs- 
rn!i<d ,e. sri u and unseen, tluough hu¬ 
man p< in plum, cfiim* mulct the cate- 
gut’. Thu Finite: could be 

dnninl mPi time main components: 

a Ci-wh ;i/, 'this includes studies 
of tin- toxinos. nnixei.se, earth/ stars, 
sun. moon and other heavenly bodies; 
thi n nnmheiv si/e. distances and move- 
nn hK Man is busy exploring the 
eiiMous .mil Ins attempt In reach the 
moon and some planets of the solar 
ssvtini s< t ins to be capable of realiza¬ 
tion well within his liie span. Tech- 
itologn.il skill has piovided photographs 
and ntlni data ul heavenly bodies, 
then bj (Mil idling man’s knowledge of 
tlie eusmns. 

It is still nut known definitely whether 
the uuixer.se is Hat, open and endless, 
based on Kuclid's plane geometry or 
whether it follows Kmxtein’s concep¬ 
tion of cmxvd space, due to the gravi¬ 
tational pull of the stars, galaxies and 
interstellar gases. It is also thought in 
sonic nicies that the unit er.se is bent 
on itself, Recently 3C-9, a nexv quasi- 
slcllur somce, has been seen to be mov¬ 
ing away fuuu the earth at 149,046 
miles per .second. Thu light spectia of 
this and scvci.il other sources seem to 
.support the theory of a Finite Uni¬ 
verse, limn xvith a bang, 13 billion 
veins ago. According to this theory, 
matter alternately explodes and ex¬ 
pands, falls back together, and then ex¬ 
plodes again, and so on, in a cycle re¬ 
curring every 82 billion years. It 



SCIENCE ABROAD 


343 


appears that science will soon be able 
to solve this one of the greatest my- 
steiies of our times. 

b. The Earth, The existence of life has 
not been proved on other paits of the 
cosmos. So far the earth is the only 
planet known to be fit for the life of 
man and othei animals and plants. The 
source of all eneigy on the earth is 
the sun The movement of this planet 
in space and in time, and the foice of 
gravity, aie some of the important ques¬ 
tions that education must cleaily bring 
to the mind of the young student at a 
very eaily stage of his understanding. 
Theie arc two things in the universe: 
matter and energy. The study of mattei 
should be done thiough physiography, 
geography, geology, magnetism, erosion, 
sedimentation, volcanism, etc. The 
transformation of matter into eneigy in 
the form of heal, light, electricity, etc., 
has to be stressed in teaching the pro¬ 
perties and uses of matter. In the 
modern educational programme, one 
should also stress the physical, chemi¬ 
cal and biological conceptions of 
matter, and the conversion and uses of 
energy. 

c. Biome. Plants, animals, and man 
are the biotic pait of the universe. 
They are dependent upon the inorganic 
part of the univeise the inteirelation¬ 
ship of the inorganic and organic parts 
through ecological studies in the eco¬ 
system has to be stressed rather than 
only their independent studies. The 
ecosystem development and channell¬ 
ing of energy and its conservation foi 
the prepetuation of the systems aie 
linked up with the production of 
energy. 

Since man is a part of the ecosystem. 


his physical, biophysical, biochemical 
and physiological behaviom with res¬ 
pect to laws of glowtli, health, physi¬ 
que, lepioduclion and suivival must be 
studied in relationship to both the 
biotic and the abiotic parts of the en¬ 
vironment, taking into consideration 
also the foiccs of heredity and giavity. 
It must be realized that life on the 
eaith today has a past and a future 
Man should, therefoie, be considered 
a part of the, dynamic phenomena. 
Although the human species seems to 
be the end of biological evolution, it is 
eeitamly not the dead end, therefore, 
the role of man in his own evolution 
has to be cleaily stiessed so that study 
of biological material may also be alli¬ 
ed to religion. The phenomena of age¬ 
ing and its relationship with sanitation 
and preventive, cuiative and promotive 
medicine—both in animals and in man 
—is to be given prominence m such 
studies. 

The education of man is designed for 
the good of man, it is theiefore, im- 
lierative to include in our educational 
progiamme such questions as the oiigm 
of man, generical differences between 
the laces, migiation, and settlement and 
urbanization of human communities in 
response to changes in the environ¬ 
ment. Culture, ait, politics, social and 
economic behaviour, and welfaie and 
peace are impoitant studies for the 
material well-being of the human 
species. The biological necessities of 
food and nutrition are important in the 
physical and physiological sense. In 
biological study, the idea of universal 
brotherhood and world government, 
and of men having equal opportunities 
is to be brought into the curriculum 
of any educational progiamme. 
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\\ i‘ luXi* i v idi iit'n t»i show Mi,if ,if It'.ts! 
fm Mir last list* thonvuid xi'.us, man 
has slriwu, olli-li silt u ssfnlly, to realize 
Mir Infinite. ‘lliese strivings nf man an* 
mnmfrsfrd in tlm fmn major reVu'tnns: 
Hinduism buddhism, Qnisti.uiily ami 
Islam. Although all thr n lignins have 
tlir mimiinii goal nl n.rii/iug tin- In 
imitc. Mm methodology ami uppuv.uli 
li.ive hern drib relit title to local differ 
run s in tin* nnnonmctil. I lirsr somr- 
lintes led to conflicts between men 
practising different religions NeaiK 
all uf these religious, however, sulvoeate 
ineditatum ot name, which does not find 
favour in this age ol scientific and 
technological devclojmieut. There are 
several other areas in which lehgioii 
and science June come in conflict 
against each other Not only this, the 
different religions themselves have in 
the past expressed a great deal of dis¬ 
satisfaction with otic another. There 
ha\ e been periods of open conflict and 
war. Religion - is part of polities, and 
even in a domociaev religions minori¬ 
ties find the most uncongenial condi¬ 
tions for cultiual and economic growth, 
Then> is often persecution on religious 
grounds, It is, therefore, very neces¬ 
sary that the citizens of the future he 
given training in comparative ldigions 
and in the humanities, so that future 
civilizations can live peacefully and 


pm. if w-ixi-t, mu This is possible 
>-uh if 'in me mid leligion develop a 
:t,nOfd mid* islanding and help in the 
loM'.n of v.ml.l piuhlems, avoiding 
'■'i’.omu mi n glottal policies. 

'live Keossstem Concept and Unity in 

World I bought 

Vl‘'lie v-iili the knowledge of the 
ph*. mi d luolugic ,d and spuitual rela¬ 
tionship of man with both the abiotic 
and luii'ii- ji.uts nf the environment, it 
siims logical to emphasize tlie unity 
of all tie - t.u tins involved This syn- 
thi sis <,iii hr host aehii'ved under the 
einsWcm loimpt Religion and sci- 
i ini* base i moe to some suit of undei- 
st,Hiding in two major political systems, 
o.oiirU, i ajiilahsm and socialism. At 
tin- juesenl moment, the world seems 
to he di\ided between these two ideo* 
logos, and it is, theiefore, very im- 
imit.iut that in any educational pro- 
'.'i amine an objective and scientific 
study ui liotli these systems be made, 
These an* the governing piocesses in 
the de\<‘lcij)menl of the whole ecosys¬ 
tem ol man, as they determine the phy¬ 
sical, biological, psychological and 
spiritual U’lationship of all organisms. 
The concept of making a paiadisc on 
the earth and helping in the creation 
of universal biotlierhuod of man can 
only he emphasized tluough the eco¬ 
system concept in the educational pro¬ 
gramme. 

This type of educational programme 
is cci Utility new and it involves the 
.study of the sciences, humanities, reli¬ 
gion .bid philosophy in a comprehensive 
curriculum. It is realized that them 
will he innumerable difficulties in de¬ 
signing such a programme but it is 
nevertheless extiemely important that 



